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for prothrombin determinations, 


specify 
BACTO-THROMBOPLASTIN 


characterized by its 

= ROMBOPLAST stability, potency, 
— ease of application, 
high sensitivity and 

reliability for more 


than 18 years. 


BACTO-THROMBOPLASTIN is a stabilized desiccated rabbit brain 
substance for all prothrombin determinations. It is the most widely 
used Thromboplastin, particularly in the control of anti-coagulant 
therapy, because of its 

Simplicity of preparation as well as use . . . 

Reliability . . . \t is free from objectionable blood fractions and tissue 


factors that adversely affect prothrombin time. . . 


Economy . . . Each box of six Bacto-Thromboplastin ampules is suffi- 
cient for the preparation of stabilized extract to make 
210 Quick Determinations 
or 
420 Link-Shapiro Determinations 


Descriptive literature gladly sent upon request. 


DIFCO LABORATORIES 
DETROIT 1, MICHIGAN 
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An instrument for every delivery speed 
with built-in accuracy, long life 


Now KIMBLE OFFERS a wide range of 
pipets from the largest to the smallest 
... from tips with big openings to the 
smallest, most delicate tips. Made from 
borosilicate glass, they combine its du- 
rability with the craftsmanship and 
accuracy that have long characterized 
Kimble laboratory glassware. 

Kimax pipets are tested and indi- 
vidually re-inspected for accuracy. 
The markings on Krmax pipets are 
durable and easy to read. 


Tips are ground to resist chipping and 
tip openings gauged for correct deliv- 
ery speeds. 

Consult your Kimble catalog or see 
your Kimble dealer for the complete 
line of pipets and other laboratory glass- 
ware. He may help you qualify for 
quantity discounts. 

Kimble Glass Company, your most 
complete source for laboratory glass- 
ware, is a subsidiary of Owens-Illinois, 


Toledo 1, Ohio. 


Jour. of Lab. & Clin. Med. 





hard glass pipets 


37034-B 
LARGE TIP OPENING PIPET 
Calibrated to deliver. For use with vis- 
cous liquids and suspensions. Ideal for 
rapid work of medium accuracy. Tip 
openings of 1 and 2ml sizes are slightly 
smaller than bore of graduated portion. 
Openings of 5, 10 and 25ml sizes are 


approximately 3 mm. 














37055 
MICRO PIPET 
Designed for insertion to the bottom 
of all 10 and 25ml volumetric flasks. 
Held to our published volumetric tol- 
erances. Delivery ends polished for 
small drop delivery. May be used with 
syringes. Available in capacities from 
2 to 500 lambdas. 


KIMAX is available through dealers in the United States, Canada and principal foreign cities, 


KIMBLE LABORATORY GLASSWARE 


An (1) propucr 
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Owens-ILuinots 


CENERAL OFFICES+ TOLEDO 1, OHIO 








To protect the rights of barbers, it is illegal for a surgeon to 
shave you in the city of London. Barbers, however, under 
Henry Vill were allowed to continue with minor surgery and 
dentistry. In fact, they were hacking away at patients in 
France and Germany for years after it was forbidden in Eng 
land. The surgical-barber shop of those days was a scene of 
incredible chaos. The shop was a refuge for idlers and the 
clearing house for news and gossip. Waiting customers were 
entertained by lute or viol players. Amid this tumult, beards 
were shaved, teeth were pulled, and men were bied. It is 
easy for laymen to laugh at barber-surgeons and lute players 
in the operating rooms. But those of us in the general field 
of medicine know the obstacles that were overcome along 
the road to modern medical practice. Progress was painstak 
ing, built on the contributions of dedicated men. We take 
pride in this development. And at Clinton Laboratories we 
are justly proud of the modest contributions we have made 


through Hemotrol and Chemtrol. These are natural, internal 
standard controls. They go through each step of the proce 
dure in parallel with the patient's blood, insuring maximum 
accuracy. Hemotrol is a stable blood, which serves to stand 
ardize any hemoglobin procedure. Chemtrol, on the other 
hand, is a freeze-dried serum. It is used to control 19 differ 
ent clinical chemistry determinations, from glucose through 
transaminase, including protein-bound iodine, albumin, and 
the globulins 


Products of progress from Clinton Laboratories 


6010 Wilshire Boulevard, Los Angeles 36, Calif. 


Complete technical data available on request 
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SAFE! 


QUIET! 


QUICK! 


STOPS FAST! 


CLAY-ADAMS, INC., New York 10 


we could put five years | 


right here 
in this 


wasted | 


How many microslides do you average a day? Fifty, maybe? 


A Lab-aid stack only 19” square and about five feet high - 
would keep five years’ output right at your fingertips. voneaneennenes® 


That's because Lab-aid design gives you 45% more capacity, 
inch for inch, than conventional filing units. Think of it. . . 

a single unit section only five inches high, compact enough 

to fit handily on a desk top, will hold 6500 slides! 


And that's not all . . . by interchanging different drawer sizes 
1”, 2”, and 4”, you can file Kodachromes, lantern slides, and 
index cards in the same cabinet. Other special-purpose 
cabinets (same basic dimensions so they all stack together) 

let you file fresh slides flat in spread-out trays, or file 

paraffin blocks in shallow drawers. 


The beauty of it all is that you get all these advantages 
at no greater filing cost-per-slide than ordinary cabinets. 


Bulletin No. 141-56 tells the story. Let us send it to you. 


THE TECHNICON COMPANY, GHAUNCEY, N. Y. 
laboratory filing system 





accurate, quick determinations... 
for all colorimetric tests 


2B PHOTROMETER 


Only one adjustment of only one knob and you get precise determinations 
for each routine clinical test—easily, rapidly —with the Leitz pre-calibrated 
PHOTROMETER. 
Leitz PHOTROMETERS for clinical laboratories... 
¢ pre-calibrated for easy, rapid determinations 
* a supply of standard solutions is not required 
eno external voltage stabilizer needed 
¢ built with the precision and ruggedness characteristic 
of all Leitz instruments 
* laboratory technician can readily calibrate instrument 
for additional tests 


See your dealer for a demonstration. 


&. LEITZ, INC., Dept. L.11 
468 Fourth Avenue, New York 16, N. VY. 


Please send me the Leitz PHOTROMETER brochure 


Nome 





Street 











&. LemIirz, inc., 468 FOURTH AVENUE, NEW YORK 16, N. Y. 
Distributors of the world-famous products of Ernst Leitz, Wetziar, Germany 
LENSES + CAMERAS + MICROSCOPES + BINOCULARS 
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SP 26.00 
IN 1500 mi at 26,000xg 


and moj 
aintaj 
in materig| temp 
erature 


at 0° C with 


INTER 
mere ONAL HIGH 
GERATED cours -SPEED 


This unique combination of large capacity, higher speed and 
¢ centrifugal 


lower controlled temperature increases the value 0 
force as 4 basic research tool. 


HIGH “G” HEADS: The 8-place 50 mi head delivers 40,000 x G; 
the 6-place 250 mi head, 26,000 x G. Adapters are available for 
use with smaller tubes. Additional heads and attachments are 
being developed. 


HIGH SPEEDS are obtained by a direct drive, special motor. 
Speeds are set by a stepless autotransformer control. 


TEMPERATURES BETWEEN —20°C and + 40°C are kept 
constant within +1°C by al HP refrigeration unit, an 
exclusive fin-coiled evaporator, ew combination of 
plastic foam and fibre giass insulation. 


USE THE COUPON to get all the facts about this all-new and 
better high-speed refrigerated centrifuge from international . - - 
Your Dependable Source for Centrifugal Force. 





International © Equipment ¢ | 


1215 SOLD! 
ERS Fl 
Sea wal alinbiine de ELD ROAD, BOSTON 35, MASS., ST * 
: ’ +» STadium 2-7900 


Refrigerated Centrifuge 


prices and deliv 
elivery schedules on International's HR 
new HR-1 High-S 
-Speed 


Name 
Instit ; 
itution Title 


Street & No. 
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ELEVEN FEBRILE ANTIGENS 
FROM LEDERLE 


For use in the simple, quantitative, macroscopic rapid 
slide agglutination test technique of Huddleson and Abell, 
and its adaptation by Welch and Stuart, Welch and Mickle, 
and Diamond 


Brucella Abortus Antigen Lederle 

Proteus 0X19 Antigen Lederle 

Salmonella Group A (Somatic |, II, XII) Antigen Lederle 
Salmonella Group B (Somatic |, IV, V, XII) Antigen Lederle 
Salmonella Group C (Somatic VI, Vil, Vill) Antigen Lederle 
Salmonella Group D (Somatic IX, XII) (Typhoid 0) Antigen 
Lederle 

Salmonella Group E (E,, Es, and E,) (Somatic Ill, X, XV) 
Antigen Lederle 

Paratyphoid A (Flagellar a) Antigen Lederle 

Paratyphoid B (Flagellar b, 1, 2) Antigen Lederle 
Paratyphoid C (Flagellar c, 1, 5) Antigen Lederle 

Typhoid H (Flagellar d) Antigen Lederle 


LEDERLE PRODUCTS FOR LABORATORY 
MEDICINE ARE PREPARED AND TESTED 
ACCORDING TO THE HIGHEST STANDARDS 


AGENTS FOR LABORATORY USE: BLOOD GROUPING, Rh TYP 
ING, and ANTIHUMAN (Coombs Test) SERUMS, NIH-approved; 
BLOOD CULTURE MEDIUM; E. COLI TYPING SERUMS*; 
SALMONELLA GROUPING and TYPING SERUMS*; SHIGELLA 
GROUPING SERUMS; SYPHILIS ANTIGENS: V.D.R.L.; Kahn 
Standard, (Dr. Kahn Laboratory-approved); Laughlen Re- 
agent, (Dr. Laughlen Laboratory-approved); PASTEURELLA 
TULARENSIS TUBE ANTIGEN; VIRAL and RICKETTSIAL 
ANTIGENS. *Prepared according to CDC methods and 
standards 


AGENTS FOR CLINICAL USE: LYMPHOGRANULOMA VENE- 
REUM SKIN TEST ANTIGEN and CONTROL; TRICHINELLA 
EXTRACT and SALINE CONTROL; TUBERCULIN PATCH TEST 
(Vollmer) 


For further information contact the Lederle representa- 
tive through your hospital pharmacy, or write: 
LEDERLE LABORATORIES DIVISION 


AMERICAN CYANAMID COMPANY 
PEARL RIVER, NEW YORK 





Fisher Scientific’s 


all-new 


CATALOG 59 
MODERN LABORATORY 
APPLIANCES 


is the lab world’s 


most [()MPACT 


catalog! 


> EASIER TO CONSULT 





> EASIER TO HANDLE 





> OVER ONE POUND 
LIGHTER THAN THE 
PREVIOUS EDITION 











yet 528 more items than ever before! 


Fisher spent a year and a half in research on the latest 
publishing advances to develop this COMPACT slim-back catalog. 
It is your complete reference to modern instruments, 
apparatus, glassware, unitized furniture, and supplies. 
Every page brand-new. 

If your laboratory hasn’t received its free copy, 
rush a request to 120 Fisher Building, Pittsburgh 19, Pa. 


FISHER SCIENTIFIC 
America’s Largest Manutacturer- Distributor of Laboratory Appliances & Reagent Chemicals 


IN THE U.S.A, Chicago Phitadelphia IN CANADA 
Boston Cleveland Pittsb»irgh Edmonton 
Buffalo Detroit St. Louis Montreal 
Charleston, W.Va. New York W ashington Toronto 
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Acknowledged throughout the World 


For Better, Faster, More Dependable 
Analysis in the Clinical Laboratory 


These Coleman instruments give you access to the clinical world’s most 
accurate and rapid analytical methods . . . in a practical form that any tech- 
nologist can handle. Coleman instruments are designed to work together. 
This keeps down the original cost and makes it easy to expand your labo- 
ratory as the demand for medical services increases. 


The COLEMAN JUNIOR SPECTROPHOTOMETER 
Complete colorimetric analysis without complication 
Ask for New Bulletin B-240A 


The COLEMAN FLAME PHOTOMETER 
Precise, rapid measurement of Sodium, 

Potassium and Calcium in biological materials. 

Ask for New Bulletin B-242 


COLEMAN INSTRUMENTS, INC., DEPT. E MAYWOOD, ILLINOIS 
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Designed and Manufactured by 
H. SARGENT & CO 


Style: Vertical strip chart recorder, designed 
for laboratory bench operation. Assembly of 
three individual, separable, and self contained 
units; viz., control panel assembly, amplifier 
and power supply chassis, and chart and pen 
drive chassis unit. 

Automatic null balancing potentiometric sys- 
tem with standard cell standardization by panel 
control, conventional chopper-amplifier 
method with special Sargent high gain amplifier 
and high stability Sargent bridge power supply 
using combined or alternate dry cells and 
mercury cells. Use of the latter obviates need 
for standardization over very long periods. 
Ranges: Multiple full scale ranges selected by 
panel range switch as follows: 1.25, 2.5, 
12.5, 25, 50, 125, 250, 500, 1250, 2500. “Ali 
ranges are made direct reading as full scale 
deflection in millivolts, milliamperes, or micro- 
amperes by use of an associated units selector 
switch. All 33 scales provide true potentio- 
metric measurement. An additional series of 
the same eleven ranges in terms of volts is 
provided by an additional selector switch posi- 
tion, this series using a divider input with an 
impedance of one megohm. 

True potentiometric measurements are thus 

provided to a maximum of 2.5 volts, higher 
voltages only being measured through a divider. 
Accuracy: 0.1% or 20 microvolts, whichever 
is greater. 
Chart: Width, 250 mm; length, 120 feet. Ruling 
rational with all ranges on a decimal basis. 
Indexed for reference. Graduated steel scale 
provides for any necessary correction of cali- 
bration. Two-position writing plate, 15° or 40° 
from vertical. 


Chart Drive: Forward drive recording, reverse 


SARGENT 


THE SARGENT 
LABORATORY 
RECORDER 


Patents Pending 


An automatic, self-balancing potentiometric 
recorder which measures voltages or current 
and graphically records these variables 

as a function of time. 


® MULTI-RANGE—40 ranges. 


@ MULTI-SPEED—9 standard chart 
speeds. 


® VOLTAGE OR CURRENT RECORDING 
for measurement of voltage or current 
or any other variable which can be 
translated to voltage or current signals. 


© FLEXIBILITY OF APPLICATION 
® DESIGNED FOR BENCH OPERATION 


drive recording, magnetic brake eliminating 
coasting when stopped and free clutch position 
with separate provision for rapid non-syn- 
chronous drive. 
ey. speeds of 4, » 1Y%, 2, 2%, 
4, 8, and 12 inches per BB selected by 
interchange of two gears on end of chassis. 
Free clutch or neutral drive at the rate of 
approximately 20 feet per minute in either 
direction for rapid scanning of recorded in- 
formation, chart reroll, or chart positioning. 
Recording either by automatic take-up on 
roll or with free end chart and tear off. 
Synchronous switching outlet for automatic 
synchronization of external devices with re- 
cording. 


Pen Speed: | second full scale. Other speeds 
can be provided on special order with change 
of motors. 


Bridge: Special Sargent specification. Provi- 
sion for coupled transmitting potentiometer 
for output to integrating circuits, etc 


Damping: Dynamics controlled with single 
panel knob adjustment of amplifier gain. 
Dimensions: Width, 21'4 depth, 13 
inches; height, 24 inches; about 75 
pounds. 


$-72150 RECORDER — Potentiometric, Sargent. 
Complete with two S-72165 chart rolls; two 
each §-72175 pens; red, blue and green; one 
S-72176 wet ink pen; input cable assembly; 
synchronous switch cable assembly; plastic 
dust cover; spare ring for take-up mechanism; 
spare pen drive cable assembly; and fuses. For 
operation from 115 volt, AC., single phase, 
Gr NAS ib we dctccedadnned $1725 


inches ; 
weight, 


SCIENTIFIC LABORATORY INSTRUMENTS © APPARATUS © SUPPLIES © CHEMICALS 


€. H. SARGENT & COMPANY, 4647 W. FOSTER, CHICAGO 30, ILLINOIS 


DETROIT 4, MICH. « DALLAS 36, TEXAS + 





AM 4, ALA. + &! ELO~. N. J. 
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DETERMATUBE C-ALC for alcohol A 


highly sensitive, colorimetric, quantitative test 
for alcohol. Simply dissolve the reagents, add 
the serum and read at 600 m# on any standard 


colorimeter. 


DETERMATUBE C-LDH. Now, a new simpli- 


fied colorimetric test for serum lactic dehydro- 
genase. All the reagents are in a single tube. 
Dissolve, add serum and read at 600 ma. No 
waiting, no warming, no incubation. Any 


standard laboratory colorimeter may be used. 


Determatube SMD for serum malic dehydro- 


genase. A simple, accurate determination 


which is read at 340 m#, Requires no waiting, 
no weighing. Whether you wish to make one 
determination or many, this tube will save time 


for you. 


For information, write: 


WORTHINGTON BIOCHEMICAL CORP. 


FREEHO NI 
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REAGENTS designed for stability . . . accur- 


acy... convenience ... economy. The natural and one best 
answer to the problem of unstable chemical solutions. Of par- 
ticular value to clinical laboratories using reagent solutions 
commonly employed in colorimetry and spectrophotometry. 


REVISED AND ENLARGED BROCHURE AVAILABLE. . 
Please request 


PHILADELPHIA PENNSYLVANIA 
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Aloe-Narda 

Ultrasonic 

Cleaning Equipment is 
° Fast 


¢ Low Cost 
¢ Efficient 


The right generator plus the proper 
transducerized tank furnishes the ideal 
ultrasonic system for cleaning almost 
anything you can think of . . . Glassware,\ 
hot lab apparatus, medical instruments, \ 
electronic components, optical and technical 
mechanisms .. . and so on. Whatever the 
problem, these ultrasonic systems can be 

the answer to doing it faster, cheaper, and 
more efficiently. 

Operation is simple and easy. Just plug 

into any 115V, 60 cycle outlet. Fill the 

tank. Add detergent. Flip the switch. 
Immediately, swift precision cleaning 
economies are yours. Excellent for other 
uses too — like brightening, polishing, 
decontaminating, pickling, deburring, 
plating and degassing. 


To determine the exact model you need, write 
for prices and more details, now. 


aloe scientific 
DIVISION OF A. S. ALOE COMPANY 
5655 Kingsbury ¢ St. Lovis 12, Missouri 
Fully-Stocked Divisions Coast to Coast 
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“I said bleed them, not breed them!” 





If you would like a double-size print 
of this cartoon for your lab wall, send a 
note or card to Hyland at P. O. Box 
39672, Los Angeles 39, Calif., and men- 
tion “Rabbit Cartoon” and the name of 
this publication. 

The cartoon idea was suggested by a tech- 
nologist in our research department. From this 
department — one of the busiest at Hyland — 
comes a continual parade of new or improved 
products. Included are such Hyland “firsts” as 
4nti-A, Lectin, the novel seed-source reagent 
which identifies bloods of subgroups A, and 
A,B with dramatic speed and clarity, and 
RA-Test, Hyland’s less-than-a-minute slide test 
for detecting rheumatoid factor in the serum 
of rheumatoid arthritis patients. 

A recent product improvement we think 
you'll like—particularly if storage space is a 
problem in your laboratory—is our new 
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Streptolysin O Buffer Concentrate. It’s in con- 
centrated liquid form, in easy-to-store 40 ml. 
bottles. You meke up just enough dilute buffer 
for your day’s tests; there’s no big bottle of 
diluted buffer left over for which to find lab 
space. For your ASTO titrations Hyland also 
offers rigidly standardized Streptolysin O 
Reagent and Anti-Streptolysin O Standard. 


HYLAND LABORATORIES 
4501 Colorado Blvd. 
Los Angeles 39, Calif. 


160 Lockwood Ave. 
Yonkers, N. Y. 


HYLAND 
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Quiet, compact unit for tissue freezing— 


Sp} Histo-Freeze 


New, portable freezing unit for greater convenience in the pathology 
laboratory. Histo-Freeze maintains uniform rate of cooling. Compact 
unit occupies only 12” x 18" area; no noisy or cumbersome CO: tanks 
needed. 

Fits all popular makes of microtomes; simple to install — micro- 
tome is easily secured to plate on front of Histo-Freeze for safe, 
vibrationless operation. Circulation of Freon 12 through unit holds 
temperature at approximately — 30°F. Just turn compressor standby 
switch on in the morning and unit is ready for use any time during 
the day. In standby operation power consumption is just 50 watts. 
Lightweight—unit weighs only 50 lbs. 

No. 67027A —Histo-Freeze, table model tissue freezing 
unit, complete, for use with AO freezing mi- Each 
crotome. 115 volts, 60 cycles AC. $450.00 
No. 67027B—Same but for Bausch & Lomb microtome. 
No. 67027C—Same but for Sartorius microtome. 


Sci Mic Prad 


Pr te—a single source for all laboratory supplies and equipment. For additional informa- 
tion, write our nearest Division office or consult your SP representative. 


Scientific Products 


DIVISION OF AMERICAN HOSPITAL SUPPLY CORPORATION 
GENERAL OFFICES— 1210 LEON PLACE, EVANSTON, ILLINOIS 
Regional Offices: AtiantasChicago*sColumbus-Dallas+Kansas CitysLos Angeies*Minneapolis 
New York+San Francisco + Washington 
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= JURA Cod’ Veokeo mm ar-i-ts 


Microstar’s Building Block Concept of design, exclusive 


with AO Spencer, lets you add parts as new needs arise. 





Special inclined monocular 
and vertical monocular 
bodies available. 35 mm 
camera for crisp inexpen- 
sive photomicrography. 
Coupled system lets you 
shoot what you see. 








No other microscope can offer 
you such a wide choice of 
interchangeable parts and 
accessories. 


You can adapt the Microstar to 
your exact needs with various 
combinations of readily inter- 
changeable bodies, stages, bases 
and optics. You have more than 
600 possible combinations or 
models to choose from. 


Your Microstar will be “just 
right” for you in convenience, 
comfort and the economy of 
real quality. 


Write Dept. 000 
for your copy of 
the complete 
Microstar story, 
Ask for 
BROCHURE K-15 


Choice of Jinterchangeable 

full 360° rotatable bodies, 

monocular, binocular and 

trinocular; inclined for 
* comfort. 


Focus the stage and the 
specimen to the objectives 
with low positioned coarse 
and fine adjustments. 
Choose from Jinterchange- 
able stages; graduated or 
ungraduated mechanical 
stages or the new Micro- 
_ Glide circular stage. 


. 
’ 

. 

' 


The large fork-type con- 
denser mount allows 

* you to interchange bright- 
field, phase and dark field 
condensers quickly and 
precisely. 


Your choice of interchangeable horse- 


“= shoe base with double-piano mirror in 


fork mount, or built-in base illuminator. 


Uy American Optical 


1 


4OMpany 


INSTRUMENT DIVISION, BUFFALO 15, NEW YORK 


SPENCER ( 





Harshaw Scientific Offers 
Laboratories National Service 
on a Local Basis 





GLASSWARE 

APPARATUS DETROIT-« 

EQUIPMENT en ON-HUDSON 
— —«< FURNITURE PITTSBURGH’ 


* OAKLAND CHEMICALS ouiiiaa PHILADELPHIA ® 





ON R 


be. al 


BRANCHES * Our Branch Warehouses and Sales Offices are strategically 
Soi me el located to serve you. Select the one nearest you and 
Tel. RAndolph 1-8300 contact them today. Our combined stock, which is 
CINCINNATI 13, OHIO probably the largest in the country, is at your disposal 
6265 Wiehe Rd. regardless of where it is located. Tell us what you need. 
Vel. REdwood 1-9100 We'll get it to you, when you need it. 
DETROIT 28, MICHIGAN 
9240 Hubbell Avenve Harshaw Scientific, Division of The Harshaw Chemical 
Tel. VErmont 6-6300 Company is unique among laboratory supply houses. We know 
what laboratories require since our company employs several 
eeat tonly — hundred chemists, scientiats, engineers and technicians in its 
Tel. WAlnut 3-1627 many research, development and control laboratories and we 
stock accordingly...Glassware - Apparatus - Equipment - 
LOS ANGELES 22, CALIFORNIA Furniture - Chemicals 
3237 So. Garfield Ave. 
Tel. RAymond 3-3161 
manna 20. 9. HARSHAW SCIENTIFIC 


Jackson & Swanson Sts. Division ef the Harshaw Chemical Company 
Tel. HOward 2-4700 
Cleveland 6, Ohio 


SALES OFFICES @ 

AMARILLO, TEXAS, 3409 S. Jackson Street @ ATLANTA 5, GEORGIA, 3130 Maple Drive, N.E., Tel. CEdor 3-3560 

BATON ROUGE 6, LOUISIANA, 3160 Florida Street, Doherty Building, Room 103, Tel. Dickens 3-1933  @ BUFFALO 2, 

NEW YORK, 260 Delaware Avenve, Tel. GArfield 9-2000 @ HASTINGS-ON-HUDSON 6, NEW YORK, Tel. HAstings 5-8250 

OAKLAND 11, CALIFORNIA, 3826 Piedmont Avenve, Tel. Olympic 5-6511 @ PITTSBURGH 22, PENNSYLVANIA, 
504 Bessemer Building, 6th St. & Fort Duquesne Boulevard, Tel. ATlantic 1-7930 
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for superior laboratory procedure 


FALCON 


disposable sterile plastic 


SWUBES... 


FALCON SWUBES improve and facilitate the handling 
of sterile swabs in field, office and laboratory. The 
contaminated cotton tipped applicator may be 
immediately replaced in the steriie tube, thereby 
reducing the drying out process and assuring better 
accuracy of tests. Nutrient culture media may be 
introduced for growth of organisms at the proper time. 
The cap slips smoothly and easily over the tube 
PROVIDES TOTAL SEALING AROUND 
APPLICATOR TO PRESERVE STERILITY 
OF SWAB AND INTERIOR OF TUBE 
Economically priced, the disposable feature of 
the Falcon Plastic Swube materially reduces 


laboratory and office staff expense 


Aerobic-Anaerobic Tubes... 


These Falcon disposable plastic tubes feature a two position 
cap one for aerobic culturing, the other for sealed anaerobic 
culturing. The polyethylene caps and polystyrene tubes are 
biologically inert. No metals or other impurities leach out to affect 
critical work. This Falcon First is ideal for anti-biotic titrations, 
agar slants, broth tubes, blood samples, tissue cultures, blood clot 


retractions and centrifuging at moderate speeds 


Withstands prolonged heating at over 80°C with high breakage 


resistance. Costly washing and sterilizing are eliminated. Falcon 
disposable tubes are delivered STERILE. Eliminate plugging and 


washing. Use single-use Falcon Tubes at low cost 


Falcon Disposable 
Plastic Swubes available 
in 17mm.and 100mm 


tubes with 6” sterile swabs 


and TUBES 


Tubes with 
caps available 
in 17mm x 100mm 
and 12mm « 75mm 
Also Hi-Temp for 
autoclaving 


Send for new illustrated catalog and new price reduction 
schedule of complete line of Falcon disposable plastic 
products for laboratory, hospital and medical use 


Va 
FALCON PLASTICS 
© 
6024 WEST WASHINGTON BLVD 


CULVER CITY. CALIFORNIA 
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OUTSTANDING §= 

ADVANTAGES sap 
: a sis 3 

- GREATER ACCURACY 

- MORE EASILY READ END-Pu 

“SENSITIVITY, 





LA S IN measures the combined activity of 


_Prthrombin and proconvertin, an important consideration 


Acuplastin i nee asily Bes ss hs granular pattern of the 


formation of fibrin with ACUPLASTIN permits the tech- 
THROMBOPLASTIN nologist to observe the formation of a distinct and definite 


EXTRACT 


sensitivity—ACUPLASTIN detects, and can reproduce 
- ee small but significant variations in plasma samples. 
lees Se 


pes Le ee eo sit, 











new test for gastric acid — 
now a simple office procedure 


Diagnex Blue 


Squibb Azure A Carbacrylic Resin Diagnostic Test 


Your patient swallows a liquid instead of a tube 


and the 2sullS a ce peal as Att 


eliminates discomfort and inconvenience of intubation 
time-saving and economical; can be used in office 
requires no special equipment 

well-tolerated and completely safe 


Diagnex Blue is easy to use: 

1. The patient takes DIAGNEX BLUE orally. 

2. Urine samples are collected and returned to the physician. 
3. Simple color comparison indicates gastric acid status. 
Results are easily interpreted: 

Free gastric acid is shown by color equal to or 

more intense than 0.6 mg. standard. 

Absence of free gastric acid is shown by color equal 

to or less intense than the 0.3 mg. standard. 


Borderline secretion is indicated by a color 
intermediate to these two standards. 


*Diagnex Blue has been used in thousands 

of gastric analyses with conclusive evidence of 
accurate results (95% accurate identification 
of acid secretors, 97% accuracy in 

identifying achlorhydrics). 


Squibb Quality — 
*‘Diagnex’® is a Squibb trademark. the Priceless Ingredient 
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how to perform th Diagnex Blue Test 


This is what the physician tells the patient: 
Start test immediately on arising, without eating or drinking anything for breakfast. 


Ya. 


f 
| 
| 
| 


| 
| 
| 
| 


Urinate. 
Do not keep this urine. 


Tear open the small packet 
and swaliow the 2 tablets 


with a glass of water 


0 


Urinate. Save urine in jar Open large packet. Pour con- Stir well and drink it. (The 


marked ‘‘control urine’. 


‘Al 


Urinate. Save urine in jar 
marked “test urine’’ 


2 HRS. LATER 


Test Procedure 


Each box of DIAGNEX BLUE has a color comparator 
block with two color standards—one representing 
color intensity of 0.6 mg. azure A, and the other 
0.3 mg. azure A. Color comparison should be made 
against a suitable light source. 


A. 1. Dilute the control and test urines with water 
to 300 cc. each. 
2. Fill two test tubes with approximately 10 
cc. of control urine each, and fill a third test 
tube with about 10 cc. of the test urine. 
3. Place the test urine tube in the middle slot 
of the comparator and the control urine tubes 
in front of the two color standards. 
4. If the color intensity of the test urine is 
equal to or exceeds that of the 0.6 mg. stand- 
ard, the patient has secreted free gastric hydro- 
chloric acid and the test is complete. 


. 1. If the test sample color is less intense in color 


Would you like 
additional information 
On DIAGNEX BLUE? 


Simply mail this coupon. Dr 


tents into % glass of water. granules do not dissolve.) 


If granules remain, add a 
little more water and drink 
them down 


than the 0.6 mg. standard, acidify all samples 
with 2 drops of diluted (10%) hydrochloric 
acid. Heat the three test tubes in a boiling bath 
for 10 minutes. (Boiling may decolor sample, 
but color will reappear on cooling.) Remove 
tubes from the bath and allow to cool for 2 
hours. Compare color intensity as in A$ and A4. 


2. When the color of the test specimen falls be- 
tween the 0.6 mg. and the 0.3 mg. standards, 
this is presumptive evidence of hypochlorhy- 
dria. When the color of the test specimen is less 
intense than that of the 0.3 mg. standard, this 
is presumptive evidence of achlorhydria. 


Supply: Boxes of 5 and 50 test units with compar- 
ators. Each test unit contains 2 Gm. DIAGNEX BLUE 
granules, two 250 mg. tablets of caffeine sodium 
benzoate to stimulate gastric secretion, and labels 
for urine samples. Complete instructions for use 
are included in each package 


Professional Service Department | 
SQUIBB, 745 Fifth Avenue, New York 22, N. Y. 


Gentlemen: Please send a copy of your technical leaflet, 
“A Tubeless Test for Gastric Acid” to: 


9F } 





Address 








™ 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
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Model LRA Shown set up for 
continuous flow operation 


(Cover normally closed) 


The model LRA is the first automatic refrigerated centrifuge of 
its kind. Like the non-automatic Model LR, it has the newest and 
most efficient refrigeration design ever introduced. By proper 
placement of cutouts, baffles and deflection plates, a smooth 
forced air circulation system is set up. The warm air coming off 
the rotor flows around large surface area cooling coils on the side 
and bottom of the chamber. Upon emergence in the cooled form, 
the air flows onto all portions of the rotor. This system permits 
the cooling of any Lourdes’ rotor from ambient to 0°C within ten 
minutes by spinning at slow speed. Rotor temperatures are easily 
maintained at 0°C and lower during full speed extended runs, 
and as low as —15°C at lesser speeds or for shorter runs. 


By merely throwing a toggle switch, a 1 Hp. motor automa- 
tically accelerates any rotor toa et speed . Lourdes’ electro- 
dynamic push-button braking syste... provides for smooth rotor 
stopping in a fraction of unbraked stopping time. A time delay 
relay releases the braking action at slow speed and permits the 
rotor to stop naturally without disturbing the sediment. This same 
centrifuge is now available with a ¥2 Hp. motor drive (Model 
LRA-1) to provide higher speed and force with the smaller rotors. 


Each centrifuge comes adapted to accommodate the new 
Lourdes’ continuous flow system at no additional cost. The con- 
tinuous flow rotors with polyethylene liners, in addition to ease of 
operation, assembly and disassembly, also offer fast flow rate, 
high speed and force and greater collection capacity than any 
comparable continuous flow centrifuge. New time saving ap- 
plications for these rotors are being discovered daily. 


Every Lourdes’ instrument is guaranteed for a period of one 
year and this guarantee insures customer satisfaction 





Super-Speed 


REFRIGERATED 


+ ++ + + + HF HH 


CENTRIFUGE 


Fully automatic rotor acceleration 
Push button Electro-Dynamic Braking 
(smooth stopping) 

Accommodation for new continuous 
flow system * 

Automatic unbalance Electrical Safety 
trip 

Accommodates new 3 liter capacity 
rotor (10,000 X G) 
All Lourdes’ rotors 
changeable 
Unsurpassed refrigeration efficiency” 
Electric tachometer and synchronous 
timer 

Complete safety controls 


directly inter- 


Write for New General Catalog refer tc clos 


Catalog includes: 


© Refrigerated centrifuges* 
@ Non-Refrigerated centrifuges 
@ Automatic Centrifuges 
@ Non Automatic centrifuges 
@ Continuous flow centrifuges* 
@ Rotor data 
@ Multimixer—All purpose homogenizer 
@ Volumixer—Large capacity homogenizer 


Sole distributor in Canada 
Canadian cage} >, Supplies Ltd. 


so 
Nationwide U.S.A. Dealerships 


LARGEST MANUFACTURER OF SUPER-SPEED CENTRIFUGES. ESTABLISHED 1944 


LOURDES Instrument Corp. 


53rd STREET & Ist AVENUE 
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Enlarged 2 Y2 times 


Rub an Accu-red pipette— 
you'll feel why it lasts longer 


Accu-red graduations are something new and 
unique in pipettes. 

The graduations are right in the glass. As you 
rub you'll notice a smooth surface. A smooth 
pipette can take more punishment. 

Accu-red graduations are as permanent as 
the glass itself. Prove it to yourself by briskly 
rubbing them with emery cloth. The surface of 
the glass will scratch but the graduations are 
unimpaired. 

Cleanable? Use any common acid or cleaner, 
rinse and sterilize. Made of glass No. 7740, these 
PYREX pipettes will take many trips through 
the washer. 

Accurate, too. For example, capacity tolerance 
of the | and 2 ml Accu-red pipettes is * 0.02 ml. 


November, 1958 


Cost 15% less. Even with their wearproof 
graduations and accuracy, these pipettes cost 
you 15% less than previous designs of com- 
parable accuracy. 

Easy to read. Split sight lines level with major 
graduations to reduce parallax in readings. 
Won't contaminate. Glass No. 7740 doesn’t 
in any way alter antigens, or biological or 
serological solutions. 

You can get Accu-red pipettes from your 
laboratory supply dealer in these sizes: Sero- 
logical and Mohr types in 1, 2, 5, and 10 ml 
and a 25 ml Mohr type. 


CORNING GLASS WORKS 
y 82-11 Crystal Street, Corning, N.Y. 


Coming means esearch ie Class 


are 
. -. the tested tool of modern research 
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Localizing accumulated radioiodine in 
thyroid remnants with the 6 mm needie 
probe to assure complete thyroidectomy. 


Needie probes are provided in these sizes: 
2mmxi10cm (2.5 mil stainless steel wall) 
3mmxi10cm (2.5 mil nickel wall) 
6mmxi5cm (2.5 mil nickel wall) 

All probes are easily interchanged by loosening 
and tightening a simple hand nut. 


New Versatile Nuclear-Chicago 


= T=) FE OP Taslaat- me-letialilit-tilela Mm adae) eo) =) 


Designed for the surgeon, radiotherapist or gynecologist, the new 
Nuclear-Chicago Model DS8 Scintillation Detector is ideal for 
application in brain tumor localization, pinpointing radioisotope 
concentrations in thyroid or neoplastic tissue, and estimating 
radiation doses in radiotherapy. The detector, with three unique, 
interchangeable needle probes, is a compactly-designed, conven- 
ient, lightweight instrument with the complete reliability and 
accuracy so essential to medical applications. 

This rugged detector weighs less than 5 ounces and is only one 
inch in diameter. It can be sterilized in solutions commonly used 
in the operating room, is corrosion-proof, and its quality com- 
ponents provide practically infinite life. The beta-gamma sensitive 
crystals are mounted in the needles in such a way that the active 
volume is confined to the very tip of the probes. 


For more than 12 years we have been designing and manu- 
facturing for the medical profession high quality instrumentation 
for detecting and measuring radioactivity. We will be pleased to 
provide you with full information on the Model DS8 Scintillation 
Probe and on other Nuclear-Chicago instruments for clinical use. 


ey OA 





nuclear - chicago 
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® 249 WEST ERIE STREET + CHICAGO 10, ILLINOIS 








Paragon Stains Paramount Quality 


etal and proven stains of the very highest quality 


PAPANICOLAOU STAINS—PARAGON 


EA-36 EA-65 OG-6 


Harris Hematoxylin (modified) 


Papanicolaou Stains prepared according to the original formulae for the 
cytological diagnosis of cancer by means of the smear technic, 
These stains conform to Paragon’s rigid standard of excellence in every 
way at a modest cost that renders preparation by the laboratory technician 
unnecessary. 
STABLE READY TO USE 
Each lot of stain is tested against smears in our laboratories for correct 
differential staining, color balance and transparency. 
PAPANICOLAOU STAIN—PARAGON EA.-36 
For general staining of vaginal and cervical smears and in endocrine 
studies. 
PAPANICOLAOU STAIN—PARAGON EA-65 
For staining smears containing much mucus as sputum, gastric and 
pleural fluids, ete. Similar to EA-36 but yielding better differentiation 
in the presence of mucus. 
PAPANICOLAOU STAIN—PARAGON 0G-6 
The Orange G stain for use with EA-36 and EA-65 in the Papanicolaou 
technic. 
HARRIS HEMATOXYLIN—PARAGON (modified) 
For Papanicolaou Staining 
A modified ready to use Harris Hematoxylin Stain specially formulated 
for Papanicolaou staining. It yields a sharp blue nuclear stain with no 
staining of the cytoplasm. 


PAPANICOLAOU STAINS—PARAGON are packed in two convenient sizes 
only, a 250 ¢.c. and a 500 ¢.c. bottle. 


500 c.c. 250 c.c. 
Name Catalog No. Bottle Bottle 


HARRIS HEMATOXYLIN—PARAGON (modified) PS1281 $2.25 
For Papanicolaou Staining PS1291 
PAPANICOLAOU STAIN—PARAGON EA-36 PS1282 

PS1292 
PAPANICOLAOU STAIN—PARAGON EA-65 PS1283 

PS1293 
PAPANICOLAOU STAIN—PARAGON 0G-6 PS1284 

PS1294 

oe, oe 2-a © ©.@ ) @ 


All prices F.0.B. New York, New York, subject to change without notice. 
Manufactured exclusively by 


PARAGON C. & C. CO. INC., 2540 Belmont Ave., New York 58, N.Y. 


Cable address: Wijeno, New York 
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“LAB-ASCO-VAC” 


PORTABLE LABORATORY 
HIGH-VACUUM PUMP 


FREE AIR DISPLACEMENT 50 LITERS PER MINUTE 
GUARANTEED ABSOLUTE PRESSURE 0.1 MICRON 


Noise is eliminated by insulation and 
rubber mounting, and with vertical de- 
sign, the conventional belt and pulley 
have been eliminated These features, 
unique to LAB-ASCO-VAC, permit a 


carrying handle for easy portability 


In addition to the economical purchase 
price, the LAB-ASCO-VAC pump re- 
quires a much smaller volume of oil, 
with maintenance and cleaning opera- 
tions simplified for the user. The ver- 
tical design employed in the LAB-ASCO- 
VAC has made the pump leak-proof, 
and with the visible oil level cup, oil 
spillage by the user is confined to a min- 
Imum 


In filling the pump, oil is not intro- 
duced at the point of discharge, thereby 
eliminating the need for pump discon- 


nect for this operation 


The LAB-ASCO-VAC 10 mechanical 
pump is designed to run cooler A 
unique capillary gas ballast cleaner pro- 
vides efficient operation for longer pe- 


riods 


Cat. No. M-84424 SPECIFICATIONS 
LAB-ASCO-VAG, 10 D, TWO- Guaranteed Absolute , 
bres by ioe. 3 Pressure - 0.1 Micron 
STAGE HIGH VACUUM ME- Pumping (displacement) 


CHANICAL PUMP, complete with Speed --——- 30 liters/min. 
ae | Operating Spee 1140 rpm 
110/220 volt motor, mounted on rub- Oil Charge Required 1 pint 


ber cushioned cast base, electrical Height 20% inches 
: Diameter 12 inches 
cord, switch and plug, 1 quart of Weight , 45 Ibs. 
AR_ASCO.VAC . = Voltage .- 110/220 
LAB ASCO \ AC pump oil and op } hear amos * 
erating bulletin. Price $195.00 


Cat. No. M-84435 LAB-ASCO-VAC 10 PUMP OIL. Price: 1 Qt. $.75, 1 Gal. $2.35 
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NEW eFcexisitity, 
VERSATILITY AND COMPACTNESS 
FOR RESEARCH RECORDING 


THE SANBORN 
Ad POLY BEAM 
6- AND 8-CHANNEL 


PHOTOGRAPHIC RECORDING SYSTEM 


—+ up to eight channels in a single mobile cabinet 


—+ “add on” flexibility that permits a 2- or 4-channel system 


to be expanded to eight channels 
——+ optional integrated monitoring unit for viewing up to four 
waveforms simultaneously, or vector loops 
—» choice of six miniature plug-in preamplifiers for ECG, 
heart sounds, sphygmograms, EEG, gas analysis, 
various pressures, and many other events 





The new Sanborn “550M Poly-Beam” is an eight channel 
recording system, which can be equipped originally for 2-, 4- or 
6- channels and later expanded to eight. Interchangeable plug-in 
preamplifiers only 102 inches high mount in four- unit modules; 
all provide extended frequency response and sensitivity for more 
accurate recording or monitoring of many biophysical events. An 
optional visual monitoring unit (located above the preamplifiers), 
which includes an oscilloscope, a vector timer and an electronic 
switch, permits viewing up to four waveforms simultaneously, or 
vector loop presentation. Events can be monitored either as a 
supplement to, or in place of, recording. 





The recorder uses 6 in. wide recording paper in 200 ft. rolls. 
Eight chart speeds from 1.25 to 200 mm/sec. are selected by 
electrical control. Optical recording galvanometers use simplified 
plug-in coil and mirror inserts, permitting recorder expansion 
by the addition of inserts (one per channel). Time coordinates 
are recorded photographically and are produced by a synchro- 
nous timer independent of the paper drive. Amplitude lines 
which show mm. and cm. may be eliminated from 4, », or the 
entire chart width by manual control. Other recorder features 
include an event marker; beam interrupter for trace identifica- 
tion; provision for remote control; viewing window for observa- 
tion, positioning and standardizing of galvanometer beams. 
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Also new from Sanborn are the 6- and 8-channel 350M Series 
direct writing systems. Cabinet size and style are identical to the 
550M and plug-in preamplifiers may be used interchangeably 
in both systems. 


; 
~ 


ieee 


For complete information on the new Sanborn systems call the 
Sanborn Branch Office or Service Agency nearest you, or write 
Inquiry Director, Medical Division. 





175 Wyman Street, Waltham 54, Mass. 
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for immediate 
shipment 
from our 
stock 


METTLER 
BALANCES 


METTLER SINGLE PAN, DIRECT READ- 
ING BALANCES incorporate the principle of 
constant sensitivity substitution weighing in com- 
bination with efficient damping, built-in weights 
and optical presentation of the result. They 
are outstanding for speed, accuracy and con- 
venience for many types of laboratory purposes. 


For analytical work of maximum accuracy, 
the B series and the unique M-5 model overcome 
tedium and uncertainty in important sample 
preparation. 

For bulk weighing, dispensing, packaging, 
weight conformity inspection and other tasks 
requiring medium accuracy, the K series plat- 
form type fulfill a comparable purpose. 

For weighings of sub-analytical nature in 
industry, teaching, etc., the new H series covers 
the range between the B and K series. They in- 
corporate features of both, i.e. total enclosure 
and multiple weight manipulation as in the B 
series, and reduction in number of individual 
reference weights by means of extended optical 
scale as in the K series. 


Taring is provided for in the B and H series 
and in the T models of the K series. 





| *Accuracy 

AUT Co. Capacit within 
Cat. No Sete | ose optical 
range 

i867-) | B-5 | 200gms | 40.05mg | 115mg 
i888-C | B-6 100 gms | £0.02 mg | 115mg 
i888-M|M-5 | 20gms | +0.002mg| 20mg 
i887-J | H-3 160 yms 1 +1.0 mg 1200 mg 


i887-H | H-4 | 160 gms | +0.5 mg 1200 mg 
i887-F | H-5 | 160gms|+0.1 mg | 1200 mg 
1924-B | K-5 | 2000 gms | +0.2 gms | 1000 gms 
1924-B | K-7 | 800 gms | +0.03 gms | 100 gms 
1924-C | K-5T | 2000 gms | 40.2 gms | 1000 gms 
1924-C | K-7T | 800 gms | +0.03 gms | 100 gms 
*Accuracy beyond the optical scale range is limited to Class 
tolerances of weights incorporated. 


Optica! 
scale 
range 














wie ARTHUR H. THOMAS COMPANY 


PASORATORY APrAnATUS ] More and more laboratories rely on Thomas Laboratory Apparatus and Reagents 


VINE ST. AT 3RD ¢ PHILADELPHIA G&G, PA. 


Jour. of Lab. & Clin. Med. 
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CLINICAL AND EXPERIMENTAL 


FACTORS IN THE HYPOCHOLESTEREMIC RESPONSE OF PATIENTS 
GIVEN A BRAIN EXTRACT 
RicHarp J. Jones, M.D., anp Tuomas F. KrouGcu, B.Sc. 


Cuicaco, IL. 


HE hypocholesteremie effect of an orally administered extract of brain 
has been previously reported in animals':* and patients.* In the latter 
preliminary report it was observed that phospholipid and neutral fat of the 
serum were also reduced by virtue of the fact that the beta lipoprotein frae 
tion and the lower density lipoproteins were predominantly effected. Soth 


qualitatively and quantitatively, this response of the serum cholesterol resembles 


that reported with preparations of A-sitosterol.** The mechanism of action ap- 


parently depends upon the ability of this cerebroside extract to bind with and 
thus enhance the feeal exeretion of the intestinal cholesterol and, one end 
product of cholesterol metabolism, the bile acids. The present communication 
reports upon the elinieal application of this material in a large group of out- 
patients, selected primarily for their willingness to cooperate, who have taken 


an active brain extract in emulsion form for a period of at least 3 months. 


MATERIALS AND METHODS 


Brain Extract.—Efforts extended toward isolating a more active preparation, per unit 
of weight, than the hot aleoholic extract used in the earlier patient experiments’ have not 
been rewarding. Chick assay studies have shown that purer, phosphorus-free preparations 
of 98 per cent phrenosin will be no more nor less active per unit of weight than this cruder 
mixture, and residues of such purification, as well as hydrolytic products, were inactive. An 
early effort was made to increase the palatability of this material by incorporating it into 
a flavorful cookie. While the hypocholesteremic effect was still observed in 9 of 19 patients, 


From the Department of Medicine, The University of Chicago, Chicago, Il 
Presented before the American Society for the Study of Arteriosclerosis, Nov. 4, 1957 


This work was made possible by grants from the National Heart Institute of the U. S. 
Public Health Service (H-1119) and from Wilson Laboratories, Chicago, l 
Received for publication April 1, 1958. 
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this incidence was rather disappointing, perhaps because of partial inactivation of the mate 
rial; in addition, weight gain was a major problem. Consequently, the previously described 
preparation, WT-5, was employed in a 22 per cent water emulsion stabilized with 20 per cent 
sorbitol and flavored with wild cherry.* This cerebroside fraction (WT-5) contained approx 
imately 57 per cent cerebrosides (12.4 per cent reducing material) and 41 per cent phos 
pholipid material (1.65 per cent phosphorus), probably including lecithin, cephalin, and som 
sphingomyelin. This emulsion was perhaps more effective than the cookies, but still econ 
tained 120 carbohydrate calories, derived from the sorbitol and the galactose fragment of 
the cerebrosides, for each 30 grams of active material. 

Patients——Of 70 patients who were invited to take this material as an experimental 
venture, only 10 found it objectionable enough to reject the experiment at the start. An 
equal number were later discontinued from the study because of unrelated intercurrent ill 
ness, irresponsibility in taking the material, or poor cooperation in other ways. The remaining 
50 patients form the subject of this report. There were 12 women and 38 men, ranging 
from 32 to 70 years of age; 45 were taking ambulatory Dicumarol therapy (these patients 
were well indoctrinated in the idea of regular visits to the laboratory for blood sampling 
Three of the patients were receiving Dicumarol because of embolic accidents secondary to 
rheumatic heart disease and auricular fibrillation; 5 had essential familial hypercholesteremia, 
and 4 of these could be included with the remaining 42 patients as having clinical coronary 
artery disease. Thirty-seven had a history of a remote myocardial infarction, and 9 suffered 
from the anginal syndrome without clinical evidence for a previous infarction. Only 5 
patients had associated essential hypertension, and another 3 had suffered previous cerebro 
vascular accidents. No effort was made to select patients on the basis of their serum choles 


terol level, since experience with a large range of control levels was sought. 


Plan of Observation.—Patients reported to the laboratory in the morning, usually 
after a fat-free breakfast or, in some cases, fasting, but always in the same phase of the 
postabsorptive state. Serial blood samples were drawn at approximately monthly intervals 
for a period of 6 to 8 months until several serum cholesterol determinations had been made 
(mean 6.8), then the patient was invited to take two rounded tablespoonsful of the WT-5 
emulsion with each meal and at bedtime. Though this dosage was not followed exactly in 
each case, a careful record was kept of the amount of material consumed each week, The 
amount was intentionally reduced in some instances and close adherence to the full dose was 
not demanded in all cases, because of a desire to compare the effect of various doses. 

Blood samples were drawn at semimonthly or monthly intervals until at least 6 serum 
samples could be examined, upon which occasion the emulsion was discontinued in most cases. 
After the first 2 weeks and again at the end of the period of administration, the patients’ 
reactions to the medicine were discussed. The patients were weighed at the beginning and 
end of the treatment period, and most of these patients were weight conscious so that they 
could also attest to weight changes during the experimental period. They were advised to 
omit the caloric equivalent of a slice of bread from their regular diet to correct partially 
for the extra calories of the emulsion, but to make no other dietary change. Routine labora 
tory studies (white blood cell counts, hemoglobin, and urinalysis) were performed during 
the treatment period for comparison with earlier values in many of the patients. The 
patients on Dicumarol had a prothrombin time determination at least as often as serum 
cholesterol determinations. The serum cholesterol was always determined by the method of 
Abell and associates.11 Most of the patients were observed one or more times during the 
treatment period in a regular clinic visit. 


RESULTS 


Fig. 1 illustrates the variation in serum cholesterol level in one patient 


and gives some indication of the variations seen about the mean levels deter- 
mined during control and treatment period. Wide fluctuations were seen 


*Supplied by Dr. David Klein of Wilson Laboratories. 
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during the treatment period more often than in the control period, partly per- 
haps beeause of variability in dosage of the material. While it is difficult to 
exclude technical errors in each of these fluctuations, it was often discovered 
that these coincided with the occurrence of an upper respiratory infection, 
other intercurrent illness, or severe emotional disturbance, as has been reported 
by Groen.'*? These fluetuations were variable in frequeney and amplitude in 
different individuals and made imperative the statistical analysis of the data, 


using Fisher’s ‘‘t’’ test for small series. The results may be seen in Table I. 
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Fig. 1.—Total serum cholesterol in Patient 40 as it varied with time during the control 


and treatment periods The horizontal lines indicate mean values over these periods The 
shading indicates a brief period of hospitalization for lumbosacral sprain. 


The extent of the serum cholesterol reduction with treatment is graphically 
depicted in Fig. 2. The mean control level was reduced by the brain extract 
indicated by the shaded portion of the bar, in 90 per cent of these patients. 
The most striking fact, obvious from inspection, is the direct correlation be- 
tween the extent of the response and the height of the mean control level of the 
serum cholesterol (r — + 0.47). This is brought out in Table Il, where note 
that the mean dose of extract taken was similar in each group. There was a 
mean fall of 59 mg. per cent in the group with original serum cholesterol levels 
above 300 mg. per cent. In the second group, with control serum levels of 
250 to 300 mg. per cent cholesterol, all but one showed a fall in that level 
though only 6 showed a difference which was statistically significant. The 
exceptional, but statistically insignificant, rise in serum cholesterol occurred 
in a patient who was not only unique in his degree of weight gain (4.6 Kg.), 
but also in undergoing serious conflict in his business partnership and in having 
exceptionally wide fluctuations in his serum cholesterol level (Fig. 3), which 
rose even higher on discontinuing the emulsion. The average response in this 
group, excluding his, was 39 mg. per cent, or 14 per cent of the control level. 
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In the next group of 15 patients, with serum cholesterol levels ranging from 
230 to 250 mg. per cent, the mean response was 30 mg. per cent, or 12 per cent 
of the control level, and 8 of the 14 achieved statistical significance. In the 
remaining 9 patients with a still lower control level of serum cholesterol, signifi- 


cant changes occurred only twice, although the majority (6) showed a fall. 


TABLE I, RESPONSE OF SERUM CHOLESTEROL TO ADMINISTRATION OF BRAIN EXTRA( 


AVERAGE SERUM CHOLESTEROI 
CONTROI PERIOD TREATMENT PERIOD DIFFERENCE 


SUBJECT . NO, MEAN NO, MEAN Ma. 
NO. SERA G. % s. SERA MG. % 


44 158 
$2 y 391 
15 : 370 
18 3 365 
5 362 

347 

347 

346 

328 

317 

312 

302 


302 


2 O68 


P96 


Psa) & OI 


® 
6 


ee eS 


39 
20 
24 


*Significant at the 5 per cent level of confidence. 
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TABLE II. RESPONSE TO BRAIN EXTRACT: PATIENTS GROUPED BY CONTROL LEVEL OF SERUM 
CHOLESTEROI 


MEAN SERUM CHOLESTEROL LEVELS 
DAILY DOSI MEAN MG. % SIGNIFICANT 
WT-5 MEAN % RESPONSE 
GROUP ° (GM./DAY CONTRO! TREATMENT REDUCED NO. ¢ 
Hy percholesteremic 
(over 300 * 99. 29] 
High normal 
250-300 
Median normal 
(230-250 
Low normal 
under 230 


*P less than 0.05 





w 
” 
= 
4 
° 
x 
ve 
i oa 
” 
WwW 
4 
°o 
=x 
oO 
= 
> 
4 
Ww 
n” 
~ 
< 
be 
°o 
on 






































































































































| HU 


GRAMS/DAY 





WT-5 EXTRACT 


PATIENTS RANKED BY MEAN CONTROL LEVEL OF SERUM CHOLESTEROL 


Fig. 2 The bars in the upper array indicate the mean total serum cholesterol levels of 
the individual patients, ranked by their mean level during the control period. The upper, 
shaded portion indicates a fall in mean serum cholesterol with treatment which is statistically 
significant when black (P less than 0.05), or not significant when gray. Five patients, in- 
dicated by the unshaded upper portion, showed a statistically insignificant rise in mean serum 
cholesterol level. The bars in the lower row indicate the average daily dose of the active 
extract ingested each day of the treatment period 
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The over-all average was only 5 per cent of the control level. It should also 
be noted that not only the absolute fall in serum level but also the relative 


(percentage) reduction was significantly less as the control level was lower. 
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Variations of serum total cholesterol about the mean level during control and treat 
ment periods in Patient 23. 

In the entire group, then, a statistically significant reduction of mean serum 
cholesterol occurred in 55 per cent, using Fisher’s ‘‘t’’ test for small samples. 
This is perhaps not the best measure of the effectiveness of the material, for 
the variance of the mean cholesterol level during treatment was usually greater 
than during the longer control period. If, instead, twice the standard deviation 
during the control period is considered a significant change, 65 per cent had a 
fall in serum cholesterol greater than this. If a fall greater than 10 per 
cent of the control level is a desirable result, 70 per cent of the patients showed 
a decrease of this magnitude. 

The preceding analysis does not consider the variation in dosage of WT-5 
consumed. The greater average response (20 per cent) reported in our first 
9 patients® may have been due to the larger daily dose of 30 to 40 Gm. em- 
ployed in that experiment. There is a good correlation (r — + 0.44) between 
the response of the serum cholesterol level and the mean daily dose of WT-5. 


TABLE III. Response TO BRAIN EXTRACT: PROPORTIONALITY TO AVERAGE Datty Dose 
BRAIN Extract 


OF 


DOSAGE MEAN SERUM CHOLESTEROL LEVELS SIGNIFICAN i 
(GM. (MG. ZY ) RESPONSEt 
RANGE MEAN *s BEFORE DURING Yo REDUCED NO. 
5-14 s f 4 256 
15-24 21 ry é 244 
25-39 29 224 
*Number of patients 
tP less than 0.05. 


The increasing effectiveness of the material with increasing dose is apparent in 
Table Ill. From Fig. 2 it ean be seen that 2 patients had a remarkably sub- 
stantial response to doses in the neighborhood of 10 Gm. per day, though 
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this was exceptional. Eight of 9 patients with serum cholesterol levels above 
250 mg. per cent who took 25 Gm. per day or more had a statistically significant 
fall in serum cholesterol averaging 60 mg. per cent. When patients with 
lower (normal) levels of cholesterol are included, a less substantial effect is 
noted. 

When we combine these two factors, it is possible, by the method of least 
squares, to solve for the planar equation relating X, the mean decrease in 
mg. per cent of serum cholesterol, to Y, the mean control level of serum choles- 
terol in mg. per cent, and Z, the mean daily dose of WT-5 in grams: 


X 0.24 Y + 1.57 Z ~ 65.9. 
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‘ig. 4.—A plot of the predicted response versus the observed response of the mean 
serum cholesterol level to administration of the brain extract in 50 patients Open circles, 
patients following their habitual diet who did not gain weight Square symbols, patients on 
a low-fat diet. Solid symbols, patients who gained more than 1.0 kilogram of body weight 
during the treatment period 
This formula assumes a linear relationship between X and the other two vari- 
ables within the range of our observations. From this equation we may e¢al- 
culate the expected fall in serum cholesterol in a patient with a given serum 
cholesterol level who takes a known daily dose of the emulsion. Fig. 4 shows 


a comparison between observed and calculated values in each case, which should 
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fall on the 45 degree line, if these are the only two variables involved, and if 
the relationships are linear. There is considerable seatter of the data, but in 
general it appears that these assumptions do apply for the bulk of the patients, 
excepting those with extreme responses. This calculation allows us to look at 
other qualitative factors which might be suspected as influencing the magnitude 
of the fall in serum cholesterol. 

From the estimation of the anticipated response, the hypocholesteremic 
response of 15 patients who gained from 1.0 to 3.4 kilograms in body weight 
(identified by the solid symbols in Fig. 4) was found not to be influenced by 
this degree of weight gain. The actual reduction exceeded the predicted re- 
duction more often than not, and no correlation with the degree of weight 
change was found. Whether the excessive weight gain in Subject 23 was the 
factor responsible for his rise in serum cholesterol or whether conflict in his 
business partnership, which was growing particularly acute at this time, may 
have played the determining role in his unique response, cannot be determined. 

Only 9 patients had been carefully instructed in a low-fat diet (25 to 40 
(im. per day) and adhered faithfully to that proseription both by their own 
admission and as evidenced, in all but one case, by a sustained reduction in 
serum cholesterol prior to the control period. The observed and predicted fall 
in mean serum cholesterol level with the brain extract in these 9 patients are 
listed in Table IV. These same patients are indicated by the square symbols 
in Fig. 4, where it can be seen that their response tended to be greater, rather 
than less, than the predicted value. The average response was about 10 per 


cent greater than that ecaleulated on the basis of the total group. 


TABLE IV. RELATIONSHIP Or Low-Fat Diet To Serum CHOLESTEROL: RESPONSE TO WT-5 
IN 9 PATIENTS ON A Low-Fat Dier 


SERUM CHOLESTEROI 


LEVEL (MG. %) RESPONSE TO OBSERVED 

MEAN DOSE PRE-DIET PRE-WT-5 TREATMENT (MG. %) PREDICTED 
NO GM./DAY RESTRICTION MEAN OBSERVED PREDICTED RATIO 
15 24 405 370 48 60 0.80 
57 25 417 347 59 56 1.05 
41 26 308 347 66 58 1.14 
+6 20 336 268 58 30 1.93 
15 32 281 256 35 16 0.76 
2 22 302 249 31 28 1.11 
l v4 296 243 42 30 1.40 
31 3 362 232 28 a8 0.74 
18 30 509 365 73 69 1.06 
Mean 19 46 1.11 


Comparison between the effectiveness of B-sitosterol (Cytellin), 18 Gm. 
per day, and the brain extract in their influence upon the serum cholesterol in 


6 patients is seen in Table V. The same control period was used for compari 


son with the two treatment periods, which were during the same year, in each 
instanee, for a period of 1 to 3 months for 4 to 6 bleedings. It can be seen 
that the reduction in mean serum cholesteral level was quite comparable with 
these two agents. 
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COMPARISON OF MEAN SeruM CHOLESTEROL LEVELS IN Six PATIENTS DURING 
TREATMENT WITH CYTELLIN AND BRAIN Extract (WT-5 


CONTROL CEREBROSIDE WT-5 CY TELLIN 
PATIENT LOW MEAN LOW MEAN ‘ MEAN +S.D. 
UC. A. 15 270 3 207 215 216 +10 
RG 315 332 : 276 295 293 +12 
M. L 286 312 190 241 : 255 +12 
H. K 223 280 196 215 
Ss. 8. 34 424 


PVR +19 
326 371 y ‘ 389 +8 
M.B. 36 4108 39 9R4 302 


985 +18 

Side Effects.—In addition to a tendency to a positive calorie balance, certain 
other minor side effects were observed. Two of the 10 patients who were ad- 
vised to discontinue the experiment were duodenal ulcer patients who de- 
veloped an exacerbation of their uleer symptoms. The remainder complained 
of nausea or a reaction against the taste or odor of the material, one also 
complained of diarrhea, one of constipation. Of the 50 patients who continued 
on the emulsion for 3 months or longer, 20 complained of increased flatulence 
or borborygmi which usually subsided after a brief period of adjustment; 7 
complained of nausea, usually transient or mild and ineonstant; 3 complained 
of constipation; and 3 of diarrhea. The majority of patients had a pleasant 
increase in bulk and softness of the stool, but one patient had a persistent in- 
crease in frequeney of the stools to 3 or 4 loose stools per day until the dosage 
was reduced. None of these symptoms warranted discontinuance of the emul- 
sion. Because of the known effects of large doses of sorbitol on the intestinal 
tract, and the fact that diarrhea had not been prominent in our previous ex- 
periences with the powdered WT-5, it seems likely that this symptom was due to 
the sorbitol rather than the active material. 

All side effeets were not disadvantageous. Twenty of the group were 
pleased by the improvement in regularity and softness of stools, and of these 
5 were convinced that their general health had improved. Three patients vol- 
unteered that their angina seemed to be less frequent, but this can hardly be 
considered significant in view of the known vagaries of this symptom. None 
of these patients developed a myocardial infarction during the period of ad- 
ministration of the emulsion. 

Routine laboratory work, including hemoglobin, white blood e¢ell count, 
and urinalysis, was performed in 15 of these subjects during the treatment 
period and showed no abnormality attributable to the emulsion. Inspection of 
prothrombin time levels and adjustments of dosage in those patients who were 
taking Dieumarol therapy showed no consistent changes in prothrombin time 
or Dicumarol requirement with the administration of WT-5 and the associated 
fall in serum cholesterol. 


DISCUSSION 


It is not yet known whether a reduction in serum cholesterol will definitely 


improve prognosis in coronary artery disease, but two reports are in favor of 


this concept.’* ** Furthermore, the recent report on the Framingham study 
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of the U. S. Publie Health Service® indicates a sixfold inerease in the risk of 


developing new coronary artery disease symptoms in otherwise normal subjects 


who have serum cholesterol levels above 260 mg. per cent (measured by the 


same method used here). It is of interest that all patients in our series who 
had control levels of serum cholesterol above 260 mg. per cent and took the 
recommended dose of 25 to 35 Gm. per day of WT-5 obtained a statistically 
significant reduction in mean level, and, of these 8 subjects, half were reduced 
below the level of 260 mg. per cent. When the original serum cholesterol level 
was lower, or the dosage taken was less than the full dose of 30 Gm. per day, 
the reduction of serum cholesterol beeame proportionately less impressive. If 
already under the level of 225 mg. per cent, it was unusual to find any signifieant 
reduction on the administration of this material, though it did oceur in two 
instances. While gratifying reductions were occasionally seen with low dosage 
(Cases 43, 25, and 33), this was exceptional, and a good response could only 
be assured when doses of 25 Gm. per day, or more, were ingested. 

The importance of calorie balance has been stressed as a factor in the reg- 
ulation of the serum cholesterol level." '* The fact that there was an average 
weight gain of 1.2 pounds in the entire group would indicate that the serum 
cholesterol reduction was not based on any tendency toward a negative caloric 
balance and raises the question of whether the response might have been even 
greater had the calorie balance not been positive. The results indicate that the 
mild degree of weight gain seen here did not appreciably alter the serum 
cholesterol response from that anticipated. This is consonant with the results 
of Anderson and associates’? who found that minor degrees of calorie gain had 
a negligible influence on the serum cholesterol level. 

The patient who gained more weight than any other and had an increase 
in serum cholesterol, rather than a fall, in spite of a high initial cholesterol 
level and adequate dosage of the material, may have demonstrated some e¢alorie 
influence on the cholesterol response. On the other hand, he presented an 
extreme example of the wide fluctuations in serum cholesterol which are ocea- 
sionally seen in certain subjeets, and which have led Levere and his co-workers" 
to econelude that such variations were too frequent to permit interpretation 
of the effectiveness of any agent purporting to influence serum cholesterol 
levels. Wide fluetuations have been observed in patients during and after a 
simple respiratory infection, attack of gout, menstrual period, myocardial 
infarction, or, as apparently occurred in this case, emotional disturbance. In 
general, our patients are probably more stable with regard to diet, intercurrent 
infections, and their general pattern of living than the indigent patients studied 
by Levere and associates. However, in the course of 6 months or a year, wide 
fluetuations of serum cholesterol level will oceur once or twice in most people. 
These one or two extreme values, which could usually be traced to one of the 
above factors, necessitated the long control period te permit the statistical 
test for significance of each response. There is no question but that the sig- 
nificance of the effeet of any given agent or regime on the serum lipids is best 


demonstrated in a short-term study on a few carefully observed subjects; 
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however, this does not answer the question of how well the effect may last for 
longer periods, and does not resemble the pattern of protracted therapy which 
must be accepted by the patient and doctor alike, if ultimate clinical benefit 
is to derive from any reduction in the serum cholesterol level. 

It was not feasible to place this number of patients on a controlled hos 
pital regime and, because of newspaper and magazine publicity, a few of our 
patients had perhaps made vague, imperfect attempts at restricting dietary 
calories or fat. However, only 9 of these patients had been formally in- 
structed in a low-fat diet, containing variously 25 to 40 Gim. per day of fat, 
and provided evidence that they had been adhering to this diet since before 
the control period, as well as during the treatment period. All of them took 
an effective dose, from 20 to 32 Gm. per day of WT-5, and all had a reduction 
in serum cholesterol from 12 to 22 per cent below the mean control level. This 
experience indicates that an additional reduction in serum cholesterol level 
ean be achieved with this agent beyond that accomplished by fat restriction. 
Apparently, if the diet is not altered, a reduction in serum cholesterol may 


be accomplished with this agent, which is roughly proportional to the dose given 


and the initial height of the serum cholesterol level. The latter may be in 
fluenced in advance by a low-fat diet and, by thus reducing the level of serum 
cholesterol, provide the basis for a less impressive response. The response, 
however, seems to be still proportional to the height of the serum cholesterol 
level and the dose of extract or perhaps slightly more (10 per cent) than 
might otherwise be anticipated. It is of interest that Joyner and Kuo® noted 
a more dramatie response of the serum cholesterol level to sitosterol in 2 
patients, who had long been on a low-fat diet, than in the rest of their series, 
while Farquhar and associates* reported no such differential. Neither of these 
groups concluded from their experience that the response was enhanced by a 
low-fat diet, nor can we; however, it is apparent that a low-fat diet is, at least, 
no hindrance to the effectiveness of this material, and the one supplements the 
other. 

While we have not administered this material to patients with a wide variety 
of disease processes, one relative contraindication to its clinieal applieation has 
become apparent. It is not surprising that an agent which must be given in 
bulk quantities by mouth does produce gastrointestinal symptoms in about 
half of the patients. In all probability the oceasional diarrhea that was en- 
countered is explained by the fairly large dose of accompanying sorbitol; 
however, the inereased borborygmi, the nausea, and the reactivation of uleer 
symptoms had all been noted in previous experiences with various preparations 
of WT-5. We have had no experience in giving this material to patients with 
biliary tract disease or any of the enteritides so cannot state that such condi- 
tions may not also be aggravated. Currently, we are evaluating the patient 
acceptability and gastrointestinal tolerance to a granular form of this material. 

The resemblance in the action of our material to that of B-sitosterol is 
rather close: both are oral agents that must be given in doses of 20 to 30 Gm.. 
both are largely unabsorbed from the G.I. traet, both presumably enhance 
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fecal excretion of cholesterol, both reduce the serum cholesterol and, to a lesser 
degree, serum neutral fat and phospholipid. Reports on the effectiveness of 
B-sitosterol claim a mean reduction of serum cholesterol below the control level 
of about 15 per cent.*’ Ineluding only patients who took more than 25 Gm. 
per day of the brain extract, we found an over-all reduction in serum choles 
terol of 16 per cent, or with control levels above 300 mg. per cent, a mean fall of 
18 per cent. Furthermore, it has been reported that the minimum effective 
dosage of sitosterol is 10 Gm. per day,® and this seems to correspond with the 
minimum effective dose of brain extract, though this figure is subject to a 
good deal of individual variation. We have compared the effect of Cytellin 
in 6 patients with that of the WT-5 extract, and it can be seen that the results 
are quite comparable (Table V). However, review of the experience with 
sitosterol suggests that there is little difference between the response at high 
initial levels of serum cholesterol and more normal levels. In facet, the state 
ment is frequently made’ * that the patients with essential hypercholesteremia 
respond less well to sitosterol than those patients in the intermediate range 
from 250 to 350 mg. per cent. Certain cases with xanthoma tendinosum and 
very high cholesterol levels, not included in this series, have seemed to be re- 
fractory to this extract, though, except for the 5 cases reported here, the dose 
taken was always inadequate. We are particularly struck with the fact that 
over the range of levels seen here even the percentage response to the brain 
extract inereases with higher initial levels of cholesterol. One patient (44) 
whose only abnormality was an essential hypercholesteremia did respond poorly, 
but he took only 8 Gm. per day of the material. The other hypercholesteremic 
patients responded well, though it is true that these 4 had also been adhering 
to a low-fat diet, which may yet make a critical difference in such patients. 
The mode of action of sitosterol is not demonstrated conclusively, though 
there is evidence that it interferes with the intestinal absorption by competing 
for cholesterol esterase’® or by forming unabsorbed mixed crystals with choles- 
terol.” We have developed evidence that the brain extract promotes an in- 
crease in the turnover rate of serum cholesterol not by either of these two 
mechanisms but concomitant with an inerease in feeal excretion of cholesterol 
and bile acids.’’ ** Our current feeling, from certain unpublished observations, 
is that a physicochemical affinity between this extract and cholesterol, based 


upon an adsorptive phenomenon, does operate to restrict intestinal reabsorption 


of cholesterol and perhaps other lipids thus modifying the serum lipid levels 


as certain exchange resins influence serum electrolytes. 


SUMMARY 

Data are provided on the hypocholesteremic response to a brain extract ad- 
ministered to 50 patients, who manifested a wide range of serum cholesterol 
levels, for periods of 3 to 6 months. The magnitude of the response varied 
directly with the dose of active material consumed and the control level of 
serum cholesterol. <A slight gain in body weight in one-third of the eases did 


not significantly influence this response. Previous reduction of the serum 
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cholesterol level by adherence to a low-fat diet did not impair the effectiveness 
of this agent for the response was still predictable from the dose taken and the 
level of serum cholesterol existing prior to its administration. The similarity 
in quantitative response to this extract as compared with that to Cytellin is 


demonstrated in 6 patients. Gastrointestinal side effects were not serious, except 


that two subjects had a recurrence of ulcer symptoms. An hypothesis is ad- 
vanced to explain partially the mechanism of action of this material. 


We are indebted to Mr. David Cummings, Mrs. Susanne Buch, and Mr. Charles Hannan 
for their technical assistance. 

We also wish to thank Drs. Emmett Bay, Wright Adams, Robert W. Page, Fausto 
Tanzi, and Andrew Thompson for permitting the use of their patients in this study. 
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INHIBITION OF LIPEMIA CLEARING ACTIVITY BY HUMAN WHITE 
BLOOD CELL AND PLATELET COMPONENTS 
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N RECENT vears increasing attention has been given to inhibitors of the 
| lipemia clearing mechanism. Seifter and Baeder' demonstrated a dialyzable 
inhibitor in the serum of rats. Zarafonetis and associates* have reported that 
intravenous administration of a dialysate of the plasma of cortisone-treated 
horses increased the lipid levels in human beings who were on a low-fat diet. 
Hollett and Meng* * have separated and purified an inhibitor of lipemia clear- 
ing from normal plasma. Angervall and Hood* * also have reported inhibition 
of lipemia clearing by normal human plasma which is lost after passage over 
barium sulfate or by precipitation with acetie acid. Klein and Lever’ found 
that in comparison with normal serum the serum of patients with primary and 
secondary hyperlipemia inhibited in vitro the clearing activity of in vivo 
heparinized serum. The inhibitory activity of hyperlipemie plasma was located 
in the fatty supernatant layer after high-speed centrifugation. After heparin 
administration the infranatant layer was inhibitory. The authors suggested 
that in hyperlipemie patients heparin does not directly antagonize the action 
of the inhibitor but counteracts it by stimulating the formation of clearing 
factor... Klein, Lever, and Fekete” '® have demonstrated the presence of anti- 


lipolytie agents in various human tissues which inhibit heparin-induced clearing 


activity. Parallel studies to determine whether inhibitors of the lipemic clearing 
mechanism are present in the formed blood elements were carried out and are 
reported here. 


MATERIALS AND METHODS 


In Vitro Experiments.—White blood cells and platelets were separated by the triple 
bag method!! from 500 ml. quantities of human blood. After further concentration of the 
white blood cells by gravity!2 and of the platelets by centrifugation,1! they were each washed 


repeatedly with a 0.9 per cent solution of sodium chloride and lyophilized from distilled 
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water.*! Varying quantities (20 to 1,000 mg.) of lyophilized materials (w hite blood cells 
or platelets) were homogenized in a Potter-Elvehjem homogenizer with 5 ml. of saline. 
The homogenate was centrifuged at 24,000 g. The supernatants (henceforth called saline 
extract) were used for the in vitro experiments. For comparison, extracts of white blood 
cells and of platelet concentrates were prepared without prior lyophilization. 

Saline extracts (0.6 ml. containing various concentrations of saline extractable material 
of white blood cells or platelets were mixed with 0.6 ml. of in vivo heparinized human 
serum (active serum), as previously deseribed.? Thrombint (0.05 ml. solution containing 
200 units per milliliter) was added to the mixture. The samples were incubated at 37° C. 
for 10 minutes, and the resulting clot removed after expressing the fluid from it.{ To the 
mixture, 0.3 ml. of standard fat emulsion§ (S.F.E.) was added. For control purposes, 0.6 
ml. of saline was used in place of the saline extract of white blood cells or platelets. Dupli 
eate determinations were carried out using a different active serum 

Optical density determinations were carried out on the final mixture in a Coleman 
Junior spectrophotometer at a wave length of 700 angstrom according to the method of 
Grossman.!4 Readings were taken at 10-minute intervals for 90 minutes while the mixtures 


were incubated at 37° C. 


Glycerol evolution was determined on aliquots of the final mixtures immediately 
prior to and 60 minutes after incubation at 37° C. by the method of Lambert and Neish.! 

The antiheparin effect of the white blood cell and of the platelet extract on the thrombin 
time was determined as described by Garrett and Klein." 

Electrophoretic determination of the rate of migration of the lipoproteins was carried 


out by paper electrophoresis as described by Herbst, and associates.) 


In Vivo Experiments.—For intravenous injection into rabbits, lyophilized white blood 
cells and platelets were suspended in physiologic saline. The concentrations were adjusted 
to approximately 15 mg. of white blood cell material or 30 mg. of platelet material per 
milliliter of saline. Various concentrations of lyophilized white blood cell and _ platelet 
material were administered intravenously to male albino rabbits and clearing activity was 
induced by intravenous injection of heparin (1.5 mg. per kilogram of body weight 
Since it was found that 20 mg. of lyophilized white blood cell material per kilogram and 
10 mg. of lyophilized platelet material per kilogram produced complete inhibition of the 
heparin-induced clearing activity within 2 hours, these amounts were used for the experi 
ments, 

Sixteen male albino rabbits, weighing between 3% and 4 kilograms, were divided into 
4 equal groups. Group I received an intravenous injection of white blood cell suspension 
15 minutes after and Group IL immediately prior to the heparin administration. Group 
IIL received an intravenous injection of platelet suspension 15 minutes after and Group 
1V immediately prior to heparin administration. Blood samples were obtained immediately 
before and after the administration of heparin, as well as 15, 30, 45, 60, and 90 minutes 
later. Clearing was determined by optical density changes and by paper electrophoresis. 
The production of clearing factor in response to intravenous heparin had been tested sev 


eral times previously in each animal and had been found to be quantitatively reproducible. 


RESULTS 


Effects of Saline Extracts of White Blood Cells and Platelets on Clearing 
in Vitro.—Saline extracts obtained from 10 mg. of lyophilized white blood cells 


*We are indebted to Dr. S. Farber and Dr. I, Djerassi of the Children's Cancer 
Foundation, Boston, Mass., for white cell and platelet concentrates, 


tTopical Thrombin, Parke, Davis & Company, Detroit, Mich 


tin this way the interference with optical density determination by 
formation was avoided. 


Research 


intercurrent fibrin 


$An acueous suspension of 15 per cent coconut oil provided by the courtesy of Dr. E 
Hawk and Dr. L. L., Coleman of The Upjohn Company, Kalamazoo, Mich. 
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inhibited clearing of standard fat emulsion completely in 80 per cent of the 
determinations. In the remaining 20 per cent the inhibition varied from 50 to 
90 per cent. Lowering the amount of extract resulted in decreased inhibition. 
Inhibition was still detected when saline extract containing the extractable 
material of 2 mg. of white blood cells was used (Fig. 1). Lipemia clearing 
activity was further decreased by incubating the active serum with saline ex- 
tracts of white blood cells for one hour prior to the determination of optical 
density changes. Saline extracts of fresh (nonlyophilized) white cells similarly 
inhibited the decrease of optical density.* 
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In vitro inhibition of heparin-induced lipemia clearing by 


saline extracts of lyophilized 
white blood cells and platelets 


The inhibitory action of white cells was undiminished when obtained from 
donors who had received 1.5 mg. of heparin per kilogram previously. 

Saline extracts of lyophilized platelets also inhibited optical clearing. The 
amount of platelet material required to obtain complete inhibition was, how 
ever, 2 to 3 times that of lyophilized white blood cells (Fig. 1). 

Determination of glycerol revealed that the hydrolysis of triglycerides was 
inhibited whenever the optical density changes were inhibited. Eleetrophoretic 
determination revealed that the acceleration of the speed of migration of the 
lipoproteins, induced by the injection of heparin, was prevented only in those 
instanees in which complete inhibition of clearing by white blood cell material 
was obtained. When the inhibition of clearing was incomplete, only the in- 
erease in the rate of the beta lipoproteins was reduced, while the alpha lipo- 
proteins retained their accelerated speed of migration. 


The same phenomena 
were observed with platelet extracts. 


*Fresh white blood cells had not been used routinely because of the difficulty in quantitat- 
ing the amounts of white cells. 
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Various concentrations of albumin, fibrinogen, and gamma globulin in 
saline solution were used as controls in place of the saline extract of white 
cells or platelets. These proteins exerted no inhibitory action in regard to 
optical density, glycerol evolution, and electrophoretic migration. 

The inhibitory components of white cells and of platelets were nondialyzable, 
heat-labile, and could be precipitated by alcohol or acetone. The extracts lost 
their inhibitory activity on incubation with trypsin for 24 hours. 

Suppression of the anticoagulant action of heparin by white blood eell 
extract is demonstrated by the following representative data. The addition 
of 0.1 ml. of a thrombin solution (containing approximately 10 units per ml.) 
to 0.2 ml. of rabbit plasma produced a clot in 18.2 to 18.9 seeonds. The 
prior addition of heparin (0.1 ml. of a solution containing 0.25 y of heparin 


/ 
per milliliter) increased the thrombin clotting time by about 10 seconds. This 


increase was prevented in the presence of saline extracts of white blood cells 


(0.1 ml. of saline extract containing the extractable materials of 0.5 mg. of 
white blood cells per milliliter of physiologie saline). The saline extracts of 
white blood cells had no direct effect on the thrombin clotting time in the ab 
sence of heparin (Table 1). 


TAB REVERSAL OF THE INHIBITION OF THROMBIN BY HEPARIN ON ADDITION OF WHITE 
Bioop CELL MATERIAI 


RABBIT W.B.C, THROMBIN PLATELET LOTTING 

*LASMA HEPARIN SUSPENSION? SOLUTION} SUSPENSION) TIME 
ML. : ML, ML. ML, MI. SEc. 
0.2 0.1 18.5 
Oo. 0.1 0.1 2PS.8 
0.2 0.1 0.1 0.1 18.4 
0.2 0,1 0.1 0.1 18.6 
0.2 0.1 0.1 0.1 18.3 
0.2 0.1 0.1 0.1 18.4 


*Sodium heparin, 0.25 y per milliliter of physiologic saline 
tFive-tenths milligram of lyophilized W.B.C, per milliliter of physiologic saline 
tTopical thrombin, 10 units per milliliter of physiologic saline. 


§Five-tenths milligram of lyophilized platelets per milliliter of physiologic saline 


Effects of Saline Extracts of White Blood Cells and Platelets on Clearing 
in Vivo.—Saline extracts of white blood cells given intravenously to rabbits 
(Group I) 15 minutes after the administration of heparin inhibited clearing aec- 
tivity. Considerable inhibition was present within 45 minutes after the admin- 
istration of the white blood cell preparation. Inhibition beeame complete in 
120 minutes (Fig. 2). In Group II (white cell suspension given immediately 
prior to heparin administration), inhibition took place earlier than in the 
animals of Group I. In Group III (administration of platelet preparation 15 
minutes after heparin), the results were similar to those obtained in Group I, 
although the quantity of platelet material required to obtain these effects was 
2 to 3 times greater than that of the white blood cell preparations (Fig. 3). In 
Group IV (platelet preparation administered before heparin), the blood taken 
45 minutes after heparin administration was less inhibitory than that of Group 
IIT; 120 minutes later, however, the inhibition was the same in both groups. 
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Fig. 2 Inhibitory effect of intravenous administration of saline suspensions of white 
blood cells (20 mg. of white cells per kilogram of body weight) on heparin-induced lipemia 
clearing in rabbit serum i, Saline administered 15 minutes after heparin B, White blood 
cells administered 15 minutes after heparin. C, White blood cells administered immediately 
prior to heparin, 
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Fig. 3 Inhibitory effects of intravenous administration of saline suspension of platelets 
(40 me. of platelets per kilogram of body weight) on heparin-induced lipemia clearing in 
rabbit serum. 4, Saline administered 15 minutes after heparin B, Platelets administered 
15 minutes after heparin. C, Platelets administered immediately prior to heparin. 
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Inhibition of lipemia clearing was also demonstrated by electrophoresis. 
The accelerated speed of migration of the beta lipoproteins produced by heparin 
was considerably reduced in animals which, in addition to heparin, had received 
white cell or platelet preparations. Since rabbits have less alpha lipoproteins 
than man, it was not possible to determine the effects of white cells or platelet 
preparations on the migration of the alpha lipoproteins. 


DISCUSSION 


Inhibitory properties of lipemia clearing have been demonstrated to be 
present in the serum! 


and in the fixed tissues.” * ?* It has not been determined 
however, whether the inhibitors in the fixed tissues are located in the tissue fluid 
or in the cells. Sinee the data presented here indicate that white blood cells 
and platelets contain inhibitors of the lipemia clearing mechanism, it appears 
that intracellular as well as extracellular materials can inhibit lipemia clearing. 

The white cells and the platelets used in these studies had been washed 
4 to 6 times in order to remove any inhibitory agents which may have been 
absorbed from the plasma. Previous studies’? have shown that the fourth wash- 
ing fluid contains less protein than can be detected with 10 per cent trichloro- 
acetic acid. Therefore, it is unlikely that the inhibition exercised by white 
cell or platelet concentrates was due to contaminating plasma components. 

Neither the white cell nor the platelet preparations were completely free 
from admixtures of the other element. It was, therefore, determined whether 
one of these elements alone was responsible for the inhibition. The effeets of 
white cell and of platelet extract were studied in such concentrations as were 
present as admixtures. It became apparent that the platelet contamination of 
white cell extracts and the white cell contamination of the platelet extracts 
did not account for the inhibition. 

At present it is not known whether the inhibitory materials of white cells 
and of platelets are related to each other, to the inhibitors present in the plasma 
of normal or hyperlipemie subjects, or to the inhibitors found in various 
tissues. Results of the physicochemical studies of the white cell and the plate- 
let extracts (heat-labile, nondialyzable, precipitable with aleohol or acetone, 
digestible with trypsin) suggest that at least some of the inhibitory components 
are associated with proteins. 

In the in vivo studies, it was found that white cell materials administered 
immediately prior to injection of heparin resulted in considerably more in 
hibition than when the same amount of white cell material was given 15 


minutes later. It is not known whether this phenomenon is due to more por- 
nouneed inhibitory action or to reduced clearing factor production. 


SUMMARY 


1. Extracts of white blood cells and of platelets inhibited the heparin- 
induced clearing activity of serum in vitro. White blood cell preparations 
showed greater inhibitory activity than platelet preparations. The extracts 
reversed the anticoagulant action of heparin. 
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2. White blood cell and platelet material inhibited clearing activity in vivo. 


3. Some of the inhibitory activity of the white cell and of the platelet 


extracts seems to be associated with proteins. 
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N PAST reports on eardiae disorders associated with thyrotoxicosis, usually 
| no distinctions have been made between the toxie nodular goiter and the 
diffuse goiter of Graves’ disease. The terms “thyrotoxicosis” and “hyperthyroid 
ism” have been used to indicate both types of thyroid abnormality. Conse 
quently, data such as expected frequencies of cardiac complications and ex- 
pected response to treatment are difficult to evaluate. The present study ap- 
praises the thyroid and cardiae status of 182 patients with toxie and nontoxic 
nodular goiter and 51 patients with Graves’ disease. Since basal metabolic 
rates are difficult to evaluate in aged patients with complicating illness, it was 
expected, as previously demonstrated, that the use of another measure of thy 
roid function, i.e., the serum precipitable iodine (SPI), would be more helpful 
in the objective appraisal of these patients.":* Consequently, an effort was 
made to determine the following: (1) the ineidenece of the more serious 
eardiae complications (other than mere sinus tachyeardia and eardiae con- 
sciousness) ; (2) the odds in favor of a nodular goiter being toxie if auricular 
fibrillation (A.F.) is present; (3) the correlation, if any, of auricular fibrilla 
tion (A.F.) with the level of the serum precipitable iodine; and (4) the effect 
of control of thyrotoxicosis on the cardiae complications. 

The distinction between the nodular goiter and diffuse, hyperplastic goiter 
of Graves’ disease appears to be a valid distinction, clinically, pathologically, 
and probably etiologieally. Patients with toxie nodular goiters usually are 
elderly and have had the goiter for a long time, the onset of the hyperthyroid 
state is usually insidious and overt signs of hypermetabolism are frequently 


minimal, exophthalmos is not present, emotional factors seldom precipitate 


the disease, the peculiar neuromuscular overactivity and the myopathy of 


CGiraves’ disease is not seen, adenomas of 


various ages, sizes, and degrees of 
activity are present, and the thyrotoxicosis responds less readily to treatment 
with radioiodine, propylthiouracil, or excess iodide than the diffusely hyper- 
plastic gland of Graves’ disease. 
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MATERIALS AND METHODS 


The records of 182 patients with nodular goiters who had SPI determinations were 
carefully reviewed. Most of the patients were elderly; the mean age for the group was 
65 years (range 22 to 86 years). The majority were hospitalized for conditions other than 
thyroid disease. The patient’s clinical findings were first evaluated by the general medical 
section and then re-evaluated by the metabolic and cardiac services. In many instances, 
little clinical difficulty was encountered in deciding whether the patient was thyrotoxic 
or not; in others, however, more difficulties were present. In a previous analysis of the 
diagnostic problems which present themselves with the nodular goiter, it has been shown 
that the SPI is the most reliable laboratory aid in the evaluation of thyroidal activity.' 2 
Thus, by employing clinical judgment, the basal metabolic rate in some instances, the 
response to treatments and follow-up studies in addition to the SPI, we feel certain that 
we were able clearly to separate the toxic from the nontoxic nodular goiters in almost 
all of the cases, 

All of the 51 patients with Graves’ disease were thyrotoxic. Their mean age was 
38 years and, therefore, most patients were much younger than those with nodular goiters. 

A fourth group of patients without thyroid disease, 100 in number, was selected to 
serve as a control group. Since a nontoxic nodular goiter should be a completely benign 
condition (so far as thyroid function is concerned) and not affect the patient adversely 
in any general way, it seemed necessary to appraise the cardiac complications present 
in a random group of hospitalized individuals that would be similar in age and sex to those 
with nontoxie nodular goiter. 

Thus, cardiac complications were appraised in 4 groups of patients: those with (a) 
toxic nodular goiter; (b) nontoxic nodular goiter; (¢c) no thyroid disease, but otherwise 
comparable to groups (a) and (b); and (d) Graves’ disease. 

The SPI was determined by the digestion-distillation technique as modified by 
Danowski and associates. All determinations were carried out in duplicate on 3 mil. 
aliquots of serum. Duplicate determinations usually check within 0.5 ug; if not, a third 
determination is made. Our normal range‘ is considered to be between 3.5 and 7.0 ug per 
100 ml. of blood (mean, 5.1 yg). 

The records of the patients in the above 4 categories were reviewed with respect 
to their cardiac status. They were appraised with regard to the presence or absence of 
chronie or paroxysmal cardiac arrhythmia, to the presence and degree of congestive heart 
failure, and to the existence of underlying organic heart disease. The latter was deter 
mined by the usual methods. For example, the patient was evaluated by a careful 
historical evaluation of his subjective complaints, i.e., angina, history of hypertension, 
and so forth. Objectively, the possibility of organic heart disease was evaluated by 
physical examination, by roentgenograms of the chest for heart size and configuration, 
and by fluoroscopic and electrocardiographic examinations as indicated. The usual types 
of organic heart disease were encountered, e.g., hypertensive, arteriosclerotic, and rheu 
matic. 


RESULTS AND COMMENT 


Cardiac Findings.—The cardiae findings that were encountered in the 4 
groups of patients studied (toxie nodular goiters, nontoxic nodular goiter, a 
control group without thyroid disease and Graves’ disease) are summarized 
in Table I. Analysis of these findings reveal certain significant data. 

As expected, the patients with Graves’ disease were much younger 
(average, 38.8 years) than those with nodular goiter (average, 65 years). 


Furthermore, auricular fibrillation was a rather uncommon finding among pa- 


tients suffering from Graves’ disease, occurring in only 6 or 51 (12 per cent) 
individuals; organie heart disease and heart failure were also uncommon. 
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TaBLe I. A SUMMARY OF THE CHARACTERISTICS AND CARDIAC COMPLICATIONS IN CASES OF 
Toxic AND NonTOXICcC NopuLAR GOITER, IN GRAVES’S DISEASE, AND IN A CONTROI 
Group OF PATIENTS 


CONTROI 
roxi¢ NONTOXI( GROUP WITH 
NODULAR NODULAR } OUT THYROID GRAVES’ 
GOITER GOITER | DISEASE“ DISEASE 
Total cases 70 112 100 
Age in years: 
Range 44-83 22-86 50-82 
Average 65 65 70 


Cardiac Arrhythmia (Auricular Fibrillation in Most) 
Number 37 of 70 27 of 112 20 of 100 
Per cent of total 5c 24 20 


, 
3 
S 74 70 


Average age in years 6 
Organic heart disease with 
auricular fibrillation: 
Number 36 of 37 27 of 2 
Per cent 100 
Heart failure with auricular 
fibrillation : 
Number 36 37 27 of 27 


Per cent O7 100 


Sinus Rhythm 
Number 33 of 70 85 of 112 
Per cent of total 47 76 
Average age in years 62 56 
Organic heart disease with 
sinus rhythm: 
Number 
Per cent 
Heart failure with sinus 
rhythm: 
Number 
Per cent 
Total with organic heart 
disease 
Per cent with organic heart 
disease : 58 ‘ 21 
Total with heart failure 5: 42 3: 6 
Per cent with heart failure { 37 3! 12 
*This control group of 100 patients without thyroid disease was a random group from the 
hospital population who were selected as a “control” for the patients with nontoxic nodular 


goiter They were “selected” only in that they were similar in age and frequency of diagnos- 
able organic heart disease 


On the other hand, patients with toxic nodular goiter had a high fre- 
queney of cardiac arrhythmia (37 of 70 patients, 53 per cent) and at the same 
time had a high frequency of organic heart disease (82 per cent) and heart 
failure (75 per cent). Most (31 of the 37 patients) had chronic auricular 
fibrillation, although 6 had paroxysmal rapid heart action (4 of the supra- 
ventricular variety and 2 had paroxysmal auricular flutter). In fact, al- 
though the patients with toxie and nontoxic goiter were of similar age, the 
incidence of arrhythmias (mostly fibrillation) was twice as common among 
those who had a toxie goiter (53 per cent) as among those whose goiter was 
nontoxic (24 per cent). One ean only conclude that thyroidal overactivity 
increases the incidence of fibrillation, probably as a precipitating factor. 

It is of further interest that the diagnosis of organic heart disease and 
heart failure was made more often in the patients with toxie nodular goiter 
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than in those with nontoxie goiter, even in the presence of sinus rhythm. 
Thus, thyrotoxicosis not only appears to increase the frequency of fibrillation, 
but, in addition, must exert a deleterious effect, directly or indirectly, on the 
heart. On the other hand, if hyperthyroidism per se were the only factor 
exerting a deleterious effect on the heart, then the incidence of cardiae com 
plications should be as high in thyrotoxicosis of Graves’ disease as in the 
toxic nodular goiter, provided the two groups are comparable in every other 
way. Actually, cardiac complications (fibrillation, diagnosable organic heart 
disease, heart failure) are at least 4 times as common in the toxie nodular 
goiter as in Graves’ disease. The two groups must be of dissimilar com- 
position and, in fact, they are. The major and most obvious difference is 
that the patients with Graves’ disease were much younger (average age 38.8 
years versus 65 years for those with nodular goiter). It is possible, therefore, 
to conclude that, while hyperthyroidism from any cause will exert a deleteri 
ous influence on the heart, evil consequences are not apt to be apparent in 
younger persons who are freer of the consequences of aging (arteriosclerosis, 
hypertension, and so forth). This conclusion is valid if the nature of the 
increased circulating hormone is the same in toxie nodular goiters and in 
Graves’ disease. As yet no qualitative differences have been reported. Thus, 
pre-existing organic heart disease appears to be of more fundamental import- 
ance than the hyperthyroidism in causing the cardiac complications seen in 
the hyperthyroid state. 

As was expected, the frequency of cardiac abnormalities was generally 
the same in those patients with diagnosed nontoxie nodular goiter as in the 
control group of similar age with no known thyroid disease. This finding 
suggests the fundamentally benign nature of the nontoxie goiter and supports 


the accuracy of the diagnosis, i.e., that these goiters were truly nontoxie. 


Also, since clinically diagnosable heart failure, fibrillation, and heart dis- 
ease are more commonly seen with a toxic than a nontoxie goiter (both groups 
of similar age), and since organic heart disease is much more important than 
the hyperthyroid state per se in the genesis of cardiae complications, it is 
likely that minor but significant degrees of organic heart disease are not de- 
tectable by the usual current methods of diagnosis. 


The Level of the Circulating Thyroid Hormone and Arrhythmias.—Another 
aspect of the study was to determine whether those patients with arrhythmias 
had higher eonecentrations of circulating thyroid hormone than did those with 
sinus rhythm. In Table II, it is seen that no difference in SPT exists between 
those with fibrillation and those with regular rhythm. If the SPI reflects, 
at least in some measure, the degree of hyperthyroidism, it must be coneluded 
that factors other than the degree of hyperthyroidism are of greater import- 
ance in the devlopment of fibrillation. Many years ago, Williams and associ- 
ates’ coneluded that the development of auricular fibrillation was not corre- 
lated with the degree of elevation of the metabolic rate. Thus, our studies 
with the chemical determination of the concentration of the cireulating thy- 
roid hormone confirm this early report. Other of our data also support this 





CARDIAC DISORDERS AND THYROID FUNCTION 69] 


conclusion. The mean SPI of our patients with Graves’ disease was actu- 


ally somewhat higher (13.2 pg per cent) than that found in the toxie nodular 


goiters (10.0 pe per cent); yet, 


arrhythmias were more than 4 times as com- 
mon among the latter patients. 


TABLE II. THE CONCENTRATIONS OF CIRCULATING THYROID HORMONE AS MEASURED BY THI 
SPI ARE COMPARED IN PATIENTS WITH AND WITHOUT AURICULAR FIBRILLATION 


CONCENTRATION OF SPI MICROGRAMS PER CENT 
RANGE AVERAGE 
Toxie Nodular Goiter 
With fibrillation 7 
Sinus rhythm 7 
Nontoxie Goiter 
With fibrillation 7.0 1.8 
Sinus rhythm 2.5-7.0 +.9 
Normal Controls 3.5-7.0 5.1 


.3-20.3 9.4 
.2-21.0 10.4 


91% of normals 


Results of Treatment of the Thyrotoric Patients—The number of patients 


with significant cardiae complications associated with Graves’ disease was 
rather small. However, in the 6 patients with arrhythmias, control of the 
hyperthyroidism resulted in disappearance of the arrhythmia in 3. In addi- 
tion, definite improvement in heart failure attributable to control of hyper- 


thyroidism occurred in 5 of 6 patients. 


A much larger number of patients had cardiae complications with toxic 


nodular goiter and the ultimate results of control of the thyrotoxicosis in 


these 70 patients deserve special attention and are summarized in Table HI. 


TABLE III. Resuits or TREATMENT OF HYPERTHYRIODISM WITH SURGERY, PROPYLTHIOURACH 


OR RADIOIODINE (OR COMBINATIONS) ON THE CARDIAC MANIFESTATIONS IN 
Toxic NopuLaAR GOITER 


I. Auricular Fibrillation number 
ae . an 


Number of these 37 cases wherein antithyroid therapy was inade 
quate or failed" 


Bb. Remaining patients wherein an euthyroid state was achieved 
1. Reverted to sinus rhythm and improvement of heart failure 
2. Definite improvement of heart failure 


3. No definite improvement of failure 


of cases 


IT. Sinus rhythm (number of 


A. 


cases 

Number of these 33 cases wherein antithyroid therapy was inade 
quate or failedt 

B. Remaining patients wherein an euthyroid state was achieved 

1. Definite improvement in heart failure 

2. Disappearance of heart failure (no cardiac therapy of any 

kind subsequently required 
3. Never in heart failure 


*In 4 seriously ill patients, surgery was prohibitive 
roid state was achieved with proplythiouracil or radioiodine in 8, poor cooperation on the 
part of the patient or his family accounted for inadequate treatment. 

tIn 3 seriously ill patients, institution of therapy 
disease(s) and death occurred; in 6, poor 
1ccounted for inadequate treatment 


and death occurred before an euthy- 


was too late in the course of their 
cooperation on the part of the patient or his family 


It was possible to achieve a completely euthyroid state by surgery in 22 pa- 
tients, by propylthiouracil in large doses in 16 patients, by radioiodine in 6 


patients, and by radioiodine and propylthiouracil in 5 patients (total 49 
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patients). In 21 of these elderly patients, many of whom were in their seventh 
to ninth deeade of life, a euthyroid state was never completely achieved for 
a variety of reasons. In some, the thyrotoxie state was incidental to some 
other unrelated serious illness and death occurred prior to completion of anti- 
thyroid therapy; in others, poor cooperation on the part of the patient or his 
family accounted for inadequate treatment (e.g., failure to take propyl- 
thiouracil as long-term treatment or as preparation for surgery). However, 
a satisfactory euthyroid state was achieved in 49 of the original 70 patients. 

From Table III it is seen that among 25 patients with auricular fibrilla- 
tion, only in 6 did the arrhythmia (4 with chronie fibrillation and 2 with 
paroxysmal fibrillation) disappear with treatment. Thus, our data confirm 
those of Griswald and Keating.’ They felt that only a few patients with estab- 
lished auricular fibrillation would revert to a sinus rhythm when euthyroid. 
Further, this finding lends future support to the idea put forth above that 
factors other than hyperthyroidism are more fundamentally causal in econdi- 
tioning the presence or disappearance of fibrillation. 


The most usual effect on the cardiovuscular system was definite improve- 
ment in the objective manifestations and symptoms of heart failure; these 
effects could be directly attributable to the achievement of the euthyroid state 
and not to other factors. Definite salutory effects were seen in 15 of 20 pa- 


tients with chronic auricular fibrillation and in all patients with sinus rhythm 
and heart failure. In fact, in 6 of 24 thyrotoxie patients with heart failure 
and sinus rhythm, all signs of failure disappeared entirely and no cardiac 
therapy of any kind (e.g., digitalis or diuretics) was subsequently required. 


SUMMARY AND CONCLUSIONS 

The nature and frequency of cardiac complications were studied in a 
group of 182 patients with nodular goiters (both toxie and nontoxic) and 
51 patients with Graves’ disease (diffuse toxie goiter). Patients with nodular 
goiter were much older (average age, 65 years) than those with Graves’ 
disease (average age, 38.8 years). The patients with toxie nodular goiter re- 
sembled the patients with nontoxie goiter in being of similar age; on the other 
hand, they resembled the patients with Graves’ disease only in being thyro- 
toxic. 

Of the 182 nodular goiters, 70 were toxie and irregularities of cardiac 
rhythm (most common of which was persistent auricular fibrillation) oceurred 
in 53 per cent of these, but occurred in only 24 per cent of those with non- 
toxie nodular goiter. Further, when auricular fibrillation was present, 
chronically or intermittently, practically all had demonstrable organic heart 
disease. Therefore, given an elderly patient with a nodular goiter, if auricu- 
lar fibrillation is present, the chances are almost 100 per cent that independent 
organic heart disease is present, and the odds are 2 to 1 that the goiter is toxic. 

Among the 51 patients with Graves’ disease, cardiac arrhythmias were 
much less frequent than in the toxie nodular goiter, oceurring in only 6 pa- 
tients (12 per cent). 
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No difference in the level of the circulating thyroid hormone existed be- 
tween those patients with fibrillation and those with sinus rhythm. Factors 


other than the degree of hyperthyroidism must be of greater importance in 


determining the existence of cardiac arrhythmias. With adequate treatment 
of the thyrotoxicosis among the patients with nodular goiter, spontaneous 
return to sinus rhythm occurred in only 6 of 25 patients with cardiae arrhyth- 
mias. Thus, it can be concluded that while hyperthyroidism appears to pre- 
cipitate arrhythmias, older age and associated organie heart disease are 
fundamentally more important in causing the development of such arrhyth- 
mias and undoubtedly accounts for the infrequency of their disappearance. 

Improvement or even disappearance of heart failure was the most com- 
monly encountered favorable effect on the heart when hyperthyroidism was 
controlled. 

Further, even in the presence of sinus rhythm, a diagnosis of organic 
heart disease and heart failure was made more often in patients with toxic 
nodular goiter than with nontoxic goiter even though the patients were of 
similar age. Thyrotoxicosis must, therefore, exert a deleterious effect, di- 
rectly or indirectly, on the heart. However, since organie heart disease is 
more important than the hyperthyroid state itself as a cause of the observed 
cardiac complications, it seems likely that minor but significant degrees of 
organic heart disease are not detectable by the usual current methods of 
diagnosis. 
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IRON ENZYMES IN IRON DEFICIENCY 


Ill. CATALASE IN Rat Rep CELLS AND Liver WitH SoME FURTHER 
OBSERVATIONS ON CYTOCHROME C 


ERNEST BeutLeR, M.D., aNp Ricuarp K. BLaispe.LL, M.D. 
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T IS frequently stated that the iron enzymes are unaffected in iron de 
ficiency. This statement is based entirely on the results of iron analysis of 
ashed, perfused tissue (‘‘parenchyma iron’’) of a single dog as presented by 
Hahn and Whipple in 1936.1. However, the amount of iron in tissue enzymes 
is so small that even marked changes in the concentration of one or more en 
zymes might cause no appreciable change in the iron content of the ash of 
perfused tissue. The few studies in which actual measurements of iron en- 
zymes in iron-deficient animals have been made have been reviewed in pre- 
vious papers of this series.» * They demonstrate that the concentration of 
cytochrome ¢ is decreased in liver, kidney, and heart of iron-deficient animals. 
Other iron enzymes that have been studied appear to be more stable in iron 
deficiency. 
In the current study the catalase concentration in the liver and red blood 
cells of iron-deficient and normal rats has been studied. Our earlier observa- 
tions of the cytochrome e content of rat kidney have also been extended. 


MATERIALS AND METHODS 


Three-week-old male Holtzman rats were placed on a diet consisting of 96 parts of 
dried whole milk powder, 4 parts of Jones and Foster salt mixtures,* and supplementary 
vitamins.t Ferrous sulfate was omitted from the salt mixture in the diet of the rats des 
ignated as iron deficient. The animals were starved for 14 to 18 hours before sacrifice. 
Each animal was anesthetized with ether and exsanguinated from the heart. Red cell counts, 
hemoglobin, and microhematocrit determinations were carried out on the heparinized heart 
blood. Plasma iron determinations were carried out according to the method of Barkan 
and Walker.4 Using the Cr51-labeling technique, it was found that the amount of blood 
in unperfused liver was insufficient to affect materially the results of the catalase determina 
tions. Catalase determinations were carried out on a liver homogenate at dilutions of 1:20,000 
and 1:40,000 and on whole blood at dilutions of 1:10,000 and 1:20,000 in distilled water 


by the method of von Euler.5 Preliminary studies indicated that the red cell catalase activity 


From the Argonne Cancer Research Hospital, United States Atomic Energy Commission, 
and the Department of Medicine, The University of Chicago, Chicago, 

Received for publication May 21, 1958 

*After the ninth week of the experiment, the iron content of the diet fed to some of the 
“control” rats was increased fourfold One-half of the animals sacrificed at 14 weeks and all 
of the animals sacrificed at 19 weeks belong to this subgroup. The increased iron content of 
the diet did not appear to exert a significant effect on any of the parameters measured, and 
there’ »re no distinction has been made between these two subgroups. 

tThe folowing quantities were used per kilogram of diet: thiamine HC! 10 me.;: riboflavin 
20 me.: pyridoxine 10 mg.; calcium panothenate 30 mg.; nico inic acid 30 meg. 2-methyl-1, 
4-naphthoquinone 20 mg.; choline chloride 1.5 Gm.; olerm percomorphum 0.15 ml. 
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remained stable in the frozen state, therefore frozen samples were used occasionally. As 


deseribed previously,’ red cell catalase activity has been expressed as Kat Fx, p. catalase 
activity per 101° red cells), Kat F, (catalase activity per milliliter red cells), and Kat 
Fa catalase activity per gram of hemoglobin). Liver catalase has been expressed as 
Kat F units per gram of wet weight. The cytochrome e content of kidneys was measured 


by means of our modification? of the method of Potter and DuBois.‘ 
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Liver catalase in normal and iron-deficient rats. 


EXPERIMENTS AND RESULTS 

Groups of 4+ or more iron-deficient and control animals were sacrificed at 
intervals. The weight, hemoglobin, red cell count, hematocrit, plasma iron, 
liver and red cell catalase, and kidney cytochrome ¢ of each animal were deter- 
mined. The results of these measurements are presented in Table I and Figs. 
1 to 4. Although there was a marked decrease in hemoglobin, hematocrit, and 
plasma iron concentration of iron-deficient animals, their liver catalase ace- 
tivity was, on the average, slightly increased. This increase is of doubtful 
significance. There appeared to be no difference in the eatalase activity of 
iron-deficient and normal rats per 10'° red cells. When catalase activity was 


expressed as activity per milliliter of red cells, therefore, there was a slight 
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increase in the iron-deficient group, and when this was expressed as activity 
per gram of hemoglobin, the increase was quite marked. This is a reflection 
of the hypochromia and microcytosis which oceurred in these iron-deficient 
animals, as indicated by the blood counts presented in Table I. The average 
cytochrome e concentration and content of the kidneys of the iron-deficient 
animals was consistently lower than that of the normal controls. 


DISCUSSION 


Although catalase is one of the most accessible and easily measured iron 
compounds in the body, very few studies of its activity in iron deficiency have 
been carried out previously. Schultze and Kuiken’ concluded that the catalase 
content of the liver, kidney, and blood of iron-deficient rats was decreased. 
However, it should be pointed out that the ages of experimental and control 
animals used by these investigators was not the same and insufficient data are 
given to determine whether the small differences in catalase activity presented 
had statistical significance. Furthermore, determinations of catalase activity 
earried out on whole blood of anemic animals are without meaning unless 
appropriate correction is made for the anemia since all of the activity is in the 
red cells. We were unable to confirm Schultze and Kuiken’s results with rats 
as was Adams* who used the mouse as an experimental animal. Lahey and 
associates® have reported a slight decrease in liver catalase in iron-deficient 
pigs, but no change in red cell or kidney catalase. 

We have recently examined red cell catalase in iron-deficient human sub 
jects and found the activity of the enzyme per milliliter of red cells to be 
quite constant, there being some decrease per 10'° red cells and some increase 
per gram of hemoglobin as a reflection of the microcytosis and hypochromia 
which occurs in iron deficiency.* The results of study of red cell catalase in 
rats differ only in that the catalase per red cell appeared to be constant, while, 
in human red cells, the catalase per unit volume of red cells appeared to be 
constant. Whether this minor difference is due to technical factors or rep 
resents a species difference is not clear. 


These studies also confirm our earlier observations of the effeet of iron 
depletion on tissue cytochrome ¢ levels.*. The differences observed in the current 
study were smaller than those which we have reported previously. The econdi- 
tions of the study differed considerably, however: the strain of rats used was 
not the same, a milk diet was used in this study, and periodie bleeding done 
in the earlier study as a means of making the animals iron deficient was not 


employed in the current investigation. It appears that bleeding in particular 


might affect the results because the bleeding of non-iron-deficient animals ap- 


pears to increase somewhat the eytochrome e content of the tissues,’°"* and 
thus tends to exaggerate the difference between the tissue cytochrome e¢ levels 


in iron-deficient and control animals. 
These studies demonstrate that while catalase is quite resistant to depletion 


in iron deficiency, cytochrome ¢ levels are not maintained at normal levels. 
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No valid generalization can, therefore, properly be made concerning the fate 
of iron enzymes in iron deficiency. Each must be considered as an individual 
case. 


SUMMARY 


1. Rats have been made iron deficient by the feeding of a modified milk 


diet. Control rats were fed an identical diet containing supplementary iron. 


2. The catalase content of the red cells and liver and the eytoehrome ¢ 


content of the kidney of the animals have been measured at intervals. 

4. The average liver catalase of iron-deficient rats was slightly higher 
than that of normal rats. The difference was so small as to be of doubtful 
significance, 

4. There was essentially no difference between the catalase content per 
10'°° red cells of iron-deficient and normal rats. Beeause iron-deficient cells 
are hypochromic and microcytic, the catalase content per milliliter of red 
cells from iron-deficient rats was slightly increased and the eatalase content 
per gram of hemoglobin was greatly increased 

5. lron deficiency caused a decrease of cytochrome ¢ content and concen- 
tration in the kidneys. 


6. These studies emphasize that no generalization can be made about the 
fate of iron enzymes in iron deficiency. 


The technical assistance of Miss Ellen Buttenwieser and Miss Diana Hofstra is grate 
fully acknowledged. 
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HIS paper deals chiefly with the concentration of inorganie and easily 


hydrolyzable phosphorus in red blood cells from a large number of patients 


and healthy control subjects. It is commonly reeognized that serum inorganic 
phosphorus is elevated in patients with severe renal insufficiency. Less atten 
tion has been paid to low serum inorganie phosphorus, although various investi- 
gators have reported such values in chronically ill individuals and in patients 
who have recently had major surgery.’ Low inorganic and organic acid- 
soluble phosphorus values in whole blood in individuals with acidosis and 
normal renal function were reported in 1924 by Haldane and associates.‘ The 
authors suggest that some patients with low whole blood phosphorus values 
might benefit from the administration of phosphate. Guest and Rapoport 
have reviewed the experimental and clinical data on inorganie and organic 
acid-soluble phosphorus. They show that acidosis from any cause may result 
in a decrease in red cell organie phosphorus as long as renal function is ade- 
quate, otherwise red cell phosphorus increases. Since the number of individ 
uals observed in these earlier studies was small and little heed has been taken 
of the elinieal significance of abnormal red cell phosphorus concentration and 
distribution, this paper is presented. 


METHODS AND MATERIALS 


The blood for phosphorus assays was delivered into ice-cold tubes containing 1 mg. 
dried heparin sodium per 8 ml. blood and kept cold until analyzed. Whole blood easily 
hydrolyzable phosphorus (EHP) and inorganie phosphorus (IP) analyses were done within 
60 minutes after drawing the blood. Blood and serum inorganic phosphorus determinations 
were made from 10 per cent trichloroacetic acid filtrates by the method of Fiske and Sub 
baRow.* EHP is the Lohmann? 7-minute hydrolyzable phosphorus. Whole blood and serum 
potassium were measured by means of a Baird flame photometer, using lithium as internal 
standard. Other whole blood values determined were urea nitrogen, nonprotein nitrogen, 
and hematocrit (Wintrobe). Hematocrit readings were taken to the top of the red cell 
layer. No correction was made for the plasma trapped in the cell mass. Other serum data 
taken were sodium, chloride, and carbon dioxide content. Additional blood and serum con 
stituents were measured when necessary to evaluate thoroughly the condition of the patients. 

The following red cell values were caleulated from whole blood and serum 
K/L.C. mEq. potassium per liter red cells; IP/L.C. 


data: 
mg. inorganie phosphorus per liter 
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red cells; EHP/L.C. mg. easily hydrolyzable phosphorus per liter red cells. One hun 


dred and two samples from 69 healthy individuals and 352 samples from 104 patients 
were studied. At the beginning of the project, subjects for study were selected at random 
from our medical and surgical services. As the work progressed, we were impressed with the 
high red cell phosphorus concentrations in patients with elevated blood urea nitrogen values. 
To confirm this impression, we selected a special group of individuals with varying degrees 
of renal insufficiency. All samples were taken with the individual in the basal state. Con 


trols were selected to match the patients as regards sex and age as nearly as possible. As 


the clinical condition of an individual patient changed, biochemical studies were repeated. 


RESULTS 

Of the 104 patients studied, 46 had some abnormality in erythrocyte phos- 
phorus concentrations. All red cell values in the remaining 58 eases were 
normal, IP/L.C. values both above and below normal were found in our series. 
KHP/L.C, values above normal were the most frequent aberrations. EHP/L.C. 
values below normal were not observed. <A value was considered abnormal if 
it differed from the mean normal by more than two standard deviations. 

All patients, except 3 who had blood urea nitrogen (BUN) above 20 mg. per 
100 ml., had either elevated red cell IP or EHP values, or both. In these 3 
exceptions, the urea nitrogen elevation was of pre-renal origin and quickly 
returned to normal with the indicated therapeutic measures. 

The results on patients with renal insufficiency and abnormal erythrocyte 
phosphorus are divided into 2 groups: (1) those in whom both EHP/L.C. and 
IP/L.C. are elevated and (2) those in whom EHP/L.C. only is high. Mean 
values for the data shown in the several columns are given to facilitate eom- 
parison of the results shown in Tables I and II. The results for the control 


group are tabulated with those from the patients to allow for easy comparison. 


Both EPH/L.C. and IP/L.C, Elevated (Table 1).—In every sample in which 
both IP/L.C. and EHP/L.C. were elevated, serum inorganic phosphorus and blood 
urea nitrogen were also elevated. The data are shown in Table I. Beeause 
of space limitations, the only serum electrolyte data given in detail are potas- 
sium values. Abnormal sodium, chloride, and carbon dioxide concentrations 
are indicated under ‘‘Comments.’’ In Patients 1, 2, and 3, K/L.C. is signifi- 
eantly below normal and in the first two patients serum potassium is low. In 
the other patients, red cell potassium concentrations are near normal and serum 
potassium values are normal or high. In general, the highest IP/L.C. and 
EKHP/L.C. values were found in those patients with the most severe azotemia. 
Patient 8 shows a different biochemical pattern from any of the others in 
Table I. IP/L.C. was more than twice the mean normal value in this patient 
while EHP/L.C. was only slightly elevated in the last sample. The moderate 
azotemia in this patient was of pre-renal origin. 

EHP/L.C. Elevated and IP/L.C. Normal or Low (Table I1).—With less 


‘ 


severe kidney damage than those individuals discussed above, EHP/L.C. is 


elevated without any elevation of IP/L.C. Table II shows the pertinent data 


for this group. Serum electrolytes were normal in these patients except as 
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TABLE II. PATIENTS WITH 
AND Rep CELL INORGANI( 


DAY 


| OF 
PA- | OBSER 


TIENT] VATION 


Q 


183 


Died this ds 


181 
142 
124 
120 
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Rep Ceti, Eastty Hypro.tyzasLe PuHospnorus (EHP) EL&vatep 
PHospHorus (IP) NormMau or Low (ALL K/L.C. AND 


Serum K VALUES NORMAL) 


SERUM IP | BUN 
MG./100 MG./100 
ML. COMMENTS (IONS REFER TO SERUM ) 

3.19 36. Multiple myeloma 

4.24 

4.78 

4.75 

6.05 


1.06 . Serum CO, 10.2; serum Na 118 


3.62 30. Acute monocytic leukemia, 
3.43 2. CO, 32 to 40 mEq./L. 


4.78 


Aplastic anemia, Addison’s disease, 
CO, 14.9 mEq./L. 


Pernicious anemia, benign prostatic 
hypertrophy with urinary reten 
tion, suprapubic prostatectomy 8 
days after last study 


Adenocarcinoma prostate, hypo 
chromie anemia, CO, 13 to 18 


mkKq./L. 


Carcinomatosis of abdomen, second 
ary to metastatic carcinoma of 
breast 


Pyelocystitis, prostatic obstruction, 
coronary heart disease 


Hydronephrosis 


Acute pyelocystitis, art 


erioselerotic 
heart disease 


Chronic glomerulonephritis. arterio 


sclerotic heart disease, CO, 19 to 
99 


22 mEq/L. 


Death due to acute myocardial in 
farction 


Upper gastrointestinal hemorrhage, 
recent myocardial infarction 


Acute myocardial infarction, an 
terior, 3 days before first study 


Cerebral thrombosis 
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TABLE II—ConT’p 


DAY 
OF 0. »/14.C. SERUM IP BUN 
PA OBSER ( ’ (MG./100 MG./100 
TIENT | VATION . ° ML. ML. 


l ‘ | 4. 


COMMENTS (IONS REFER TO SERUM 


l 36. Parkinson’s disease, arterioscleroti 
3.8 15. heart disease 


oe 


26 
45 
1 160 99. 1.99 3 Hypertensive eardiovasecular renal 
135 147 Qs $86 36 disease, CO, 14 to 22 mEq./L. 
179 152 2.5 5.43 
246 144 24.6 4.48 
Mean 142 
Normal mean 103.2 
No. healthy 
controls 68 169 
Normal range 83-120 2% 2.4-4.8 
+8.D. 9.56 0.54 


4.2 


l 
l 


noted under ‘‘Comments’’ in the table. Significantly low K/L.C. values were 
not found in this group of patients in any of the blood samples studied. Patient 
9 (multiple myeloma) had a high IP/L.C. concentration as well as high serum 
inorganic phosphorus in the last sample. This had been preceded by an abrupt 


increase in blood urea nitrogen and shows the changes in erythrocyte phosphorus 


with increasing renal damage. In Patients 10, 11, 14, 18, 19, and 21 IP/L.C. 
values below the lowest normal were found at some time during the study. Low 
red cell inorganic phosphorus occurred more frequently than low serum in 
organic phosphorus in these 6 patients. 

EHP/L.C. Elevated and BUN Normal (Detailed Data Not Shown).—In 
6 patients EHP/L.C. was elevated without elevated blood urea nitrogen. The 
highest level observed was 151 mg. per liter in a patient with lobar pneumonia. 
Other clinical diagnoses were pernicious anemia, reticulum cell sarcoma, acute 
myocardial infaretion, infectious hepatitis, and carcinoma of the prostate with 
bony metastases. The elevated EHP was not a constant finding in any 


the 6 patients nor did it seem to rise or fall with any clinical change. No 


of 


attempt will be made to explain the results in this heterogeneous group. 
IP/L.C. Low and EHP/L.C. Normal (Detailed Data Not Shown).—Low 
IP/L.C. values were observed in 17 patients in whom EHP/L.C. values were 
normal. Many of these individuals were more than 75 years of age and chroni 
cally ill with arterioselerotic heart disease or advanced malignancies. Low 
serum inorganic phosphorus levels were also found in many of this group 
Other chemical characteristics were normal except as proteins or hemoglobin 
concentrations reflected the poor nutritional state. Healthy individuals over 
75 years old do not have IP/L.C. values different from younger controls. With 
supportive treatment IP/L.C. rose to normal in most patients. The data shown 
for Patient 24 in Table III are typical of the findings in patients with low red 
eell IP and normal EHP/L.C. In this patient serum potassium was normal 
although low values were not unusual in the group. K/L.C. was low at the 
time of the initial studies but the value increased promptly with KCl admin- 
istration. Only one other patient with low IP/L.C. also had low K/L.C. Two 
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patients showed low IP/L.C. values 2 to 4 days after major surgery. The values 
had been normal before this. We have frequently seen low serum inorganic 
phosphorus at this interval after surgery. Before intravenous potassium ther- 
apy became so common, low serum potassium and low serum inorganic phos- 
phorus values were frequently seen in the same sample 2 to 4 days after surgery. 


TABLE III. TypicaL Finpines or Low INoRGANIC PHospHorus (ITP) In Rep CELLS IN THE 
CHRONICALLY ILI PATIENT 24, AGE 68, FreBLe-MINDED WitH GRAND MAI! 
EPILEPSY, CARDIAC FAILURE, ANOREXIA) 


SERUM IP 

IP/L.C, (MG./100 K/L.C. 

(MG./L.) ML. ) (mEq./L. COMMENTS 
1.59 2.32 78.6 From 11-21-55 to 12-14-55 daily 
6.84 2.08 93.2 I.V. glucose, NaCl, and KCl plus 
7.03 2.10 95.4 medical liquid diet. After 12 
2.82 99.5 14-55, maintained in part by tube 
3.2 104 feeding with a dietary supple 

m 106 ment containing 2.3 Gm. of phos 

a 97.$ phorus per day 

f 3.5 107 

11.5 3.5 108 

Died (cardiac failure) 


] 
1 
1 


Correlations (Table IV).—The mass of data was examined for correlations 
between the various factors. In the control group, the only significant corre- 
lation (P <0.001) was between serum inorganie phosphorus and red cell 
inorganic phosphorus. The coefficient of correlation calculated from 95 paired 
values from 69 healthy individuals was +0.374 + 0.0910 (standard error of 
correlation coefficient). The results for the pathologie group are given in 


Table IV. 


TABLE IV. SIGNIFICANT PEARSON’S COEFFICIENTS OF CORRELATION (7) FROM THE 
104 PATIENTS 


NO. PAIRED 

FACTORS COMPARED VALUES T +S. EB. OF r P 
. IP/L.C. 33: +0.598 0.0353 <0.001 
. Serum IP 325 +0.498 0.0417 < 0.001 
rs. Serum CO, 305 0.449 0.0458 < 0.001 
BUN 31% +0.726 0.0265 < 0.001 
Serum IP 322 +0.792 0.0208 < 0.001 
BUN 31h +0.651 0.0325 < 0.001 
Serum CO, 3 0.428 0.0449 < 0.001 

Serum K 
(omitted patients with serum K above 

5.7 mEq./L. 300 +0302 0.0498 < 0.001 
./L.C. vs. Serum Na 343 +0. 387 0.0459 < 0.001 


These values are shown to give an idea of the degree of interdependence 
between the variables, without regard to the particular pathology involved. If 
erythrocyte and serum potassium values were compared in only those samples 
with low serum potassium, the correlation would be higher than that given 
in Table IV because of 33 samples with serum potassium below 3.0 mEq. per 
liter, 21 had K/L.C. below 95 mEq. per liter (mean normal 100 mEq./L. 
S.D. 3.34). 
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The highly significant positive correlation between blood urea nitrogen con- 
centration on the one hand, and both EHP/L.C. and IP/L.C. on the other 
hand, suggests the thesis that renal insufficiency is a causative factor in the 
elevation of phosphorus within the red cell. All of the other significant corre- 
lations shown in Table IV, in which IP/L.C. or EHP/L.C, is one of the 
variables, are consistent with this thesis. The significant correlation between 
erythrocyte potassium and serum potassium and between erythrocyte potassium 
and serum sodium are in agreement with published reports by other investi- 


gators.” ° 


DISCUSSION 

Red cell EHP concentrations were found to increase with only moderate 
azotemia. With inereasing renal insufficiency, erythroeyte IP also increased. 
In all samples in which IP/L.C. values were above normal, serum inorganic 
phosphorus was above normal. The close association between red cell and 
serum inorganic phosphorus concentrations is further apparent in the control 
samples, as shown by a significant coefficient of correlation. Adenosine tri- 
phosphate makes up the greatest part of the EHP fraction of human erythro- 


cytes'® but more definitive studies of the 7-minute hydrolyzable phosphorus is 


cumulation of EHP in disease processes. We determined total acid-soluble 
phosphorus in some blood samples in addition to EHP and IP. It was apparent 
that in some instances IP and/or EHP concentrations varied from the normal 
pattern without the total acid-soluble phosphorus being abnormal. 2,3-Diphos- 
phoglycerate is one of the chief constituents of organie phosphorus in erythro- 
cytes. There is evidence that this compound may be coneerned in the phosphate 
eyele in erythrocytes.’ The factors contributing to the concentration of or- 
ganie and inorganie acid-soluble phosphorus are discussed in reviews by Guest 
and Rapoport’ and Behrendt.” 

Low inorganic phosphorus values in red cells and in serum are frequently 
observed in seriously ill patients with normal renal function.‘ As long ago as 
1924, Haldane and associates* suggested that oral or intravenous phosphate ad- 
ministration might be advantageous to patients with low blood inorganie phos- 
phorus concentrations. Later proponents of such therapy have been Eliel* 
and Wight.* It is not known if low red cell or serum inorganie phosphorus is 
detrimental but more clinical experience with phosphorus administration would 
seem to be indicated.* ° 

Red cell potassium has been measured by numerous investigators and low 


values were found in states associated with negative potassium balance, as in 


anorexia, vomiting, or diarrhea. Potassium levels in serum and erythrocytes 


do not necessarily show the same response to excessive loss of this ion from the 
body. In our series of patients, we more often found low serum than low 
erythrocyte values. References 2 through 13 cited by Keitel* and the more 


recent article by Agna® serve to review the studies of red cell potassium. 
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SUMMARY 


Erythrocyte 7-minute hydrolyzable and inorganic phosphorus are greatly 


elevated in severe renal insufficiency. With less severe kidney damage, the 


EHP/L.C. is elevated but IP/L.C. is normal or low. EHP/L.C. values below 
normal were not found in our series of patients. Red cell inorganic phosphorus 
is often low in chronically ill individuals with normal renal function. It may 
also be low 2 to 4 days after major surgery. Low red cell values are more com- 
mon than low serum inorganie phosphorus values. Potassium is more frequently 
low in serum than in red cells. No apparent relationship between red cell 
potassium and red cell phosphorus was observed in our studies. 
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DETERMINATION OF ORNITHINE CARBAMYL TRANSFERASE 
IN SERUM 
Hans Rercuarp, M.D., anp Peter ReEIcHarp, M.D. 
STOCKHOLM, SWEDEN 


N MAMMALS urea represents the main end product of protein catabolism. 
At an early stage it could be demonstrated that urea formation takes place 
in the liver.’ In 1932, Krebs and Henseleit®? in their classic paper demon- 
strated that liver slices could form urea from carbon dioxide and ammonia in 
vitro. These authors formulated the now well-known urea cycle, which in- 
cludes the intermediate formation of ornithine, citrulline, and arginine. 
Grisolia and Cohen* found an enzymatic formation of citrulline in the 
rat liver, which involved the transfer of an “activated” carbamyl group to 
the 5-amino group of ornithine. The active carbamyl compound was shown 
by Jones and associates* to be identical with carbamy! phosphate. Citrulline 
is formed by the following reaction: 
Carbamyl phosphate + ornithine — citrulline + phosphate. (1 
The enzyme which catalyzed this reaction, ornithine carbamyl trans- 
ferase (OCT), has been extensively purified from rat liver.” It was shown to 
be identical with the enzyme earlier described by Krebs and associates,® which 
catalyzed the arsenolysis and phosphorolysis of citrulline : 
arsenate 
Citrullne —————_ CO, + NH, + ornithine. 


This reaction can be divided into the following two steps 
Citrulline + arsenate — carbamyl] arsenate + ornithine. 
Carbamyl arsenate — CO, + NH, + arsenate. (4 
Reaction (3) is the reverse of reaction (1), where arsenate is substituted 
for phosphate and is catalyzed by OCT. Reaction (4) represents an instanta- 
neous nonenzymic decomposition of the unstable carbamyl arsenate. 
The activity of OCT can thus be measured by the formation of either 
CO, or NH, during the arsenolysis of citrulline (reaction 2). 
It has been shown in preliminary experiments’ that in many cases there 
exists an increase in the level of OCT in human sera during different liver 


and gall bladder diseases. It was, therefore, important to carry out a more 
detailed study of the method for OCT determination in serum. 


From the Department of Chemistry, Karolinska Institutet, Stockholm, Sweden 
Received for publication May 16, 1958. 
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REICHARD AND REICHARD 


MATERIALS AND METHODS 


L-Citrulline ecarbamyl-C!14 was synthesized according Smith.s 1-Citrulline and 
bL-citrulline were commercial samples." 

Two different methods were used for the determination of OCT activity in serum. 
In method A, the formation of C140, from citrulline carbamyl-C1!4 was measured; in method 
B, the formation of NH, from nonlabeled citrulline. 


A. ieCitrulline Carbamyl-C14 Method.—Serum (0.5 ml.) was incubated with 1 gM 
citrulline carbamyl-C14 (50,000 ¢.p.m. per micromole measured in a Tracerlab Se-18 window 
less flow counter as an infinitely thin sample) dissolved in 0.5 ml. of 0.50 M arsenate buffer, 
pH 7.1, in a stoppered 25 ml. Warburg vessel which contained 4 N NaOH in the center well 
and 9 N H,SO, in the side arm. After incubation the vessel was cooled on ice, 100 uM of 
nonlabeled NaHCO, was added as carrier, and the acid was tipped into the main compart 
ment. After shaking for 30 minutes at 37° C., all CO, was absorbed by the alkali in the 
center well which was tranferred to a centrifuge tube and precipitated with an excess of 
barium hydroxide. The formed BaCO, was washed twice with hot water and once with 
acetone, filtered onto a cireular paper disk of standard size (radius 0.65 em.), and counted 
as an infinitely thick layer in an end window Geiger-Mueller counter. The number of micro 
moles C140, formed can be caleulated from an experimentally determined conversion factor. 
During our conditions, 136 ¢.p.m. corresponded to 0.1 ~M of CO, The nonenzymic decom 
position of L-citrulline earbamyl-C!4 was very small. It increased with the incubation time. 
After 24 hours blank values of 2 to 5 ¢.p.m. were obtained, 


B. Microdiffusion NH, Technique-—Serum (1 ml.) was incubated in a conical centri 
fuge tube at 37° C. for 24 hours with 1 ml. of a solution containing 200 ~M of bL-citrulline 
and 500 wM of sodium arsenate buffer, pH 7.1. Perchloriec acid (4 N 0.2 ml.) was added 
and the precipitate centrifuged off. 

An aliquot of the supernatant (1 to 1.5 ml.) was transferred to the outer chamber 
of a Conway!? microdiffusion standard unit of Plexiglas (outer chamber diameter of 61 
mm., center well diameter of 35 mm.). The center well contained 1.5 ml. of 0.01 N HCl. 
Three milliliters of potassium borate buffer (12.3 Gm, H,BO, + 80 ml. of 4 N KOH + suffi 
cient distilled water to make 500 ml.) was added to the outer chamber. After 2% hours’ 
incubation at 37° C., the amount of NH, in the center well was determined by nessleriza 
tion. 

Serum incubated with sodium arsenate buffer, but without citrulline, and treated in 
the same way as the test sample was used as a blank in each case. The amount of 
ammonia formed in the blank (0.15 to 0.45 ~M of NH, per 0.5 ml. serum) was subtracted 
from the ammonia formed in the sample containing citrulline. This difference was a 
measure of the OCT activity in the serum. The results were expressed as micromoles 
of ammonia formed from citrulline per 0.5 ml. of serum. 


RESULTS 
Different sera from patients suffering from liver diseases were used for 


our experiments. With the exceptions stated, the isotope method was used 
with an incubation time of 2 hours at 37° C. 


Enzyme Concentration.—Fig. 1 shows that the formation of C™O, is a 
linear function of the amount of active enzyme present. Serial dilutions of 
4 different sera were carried out with distilled water (only two experiments 
are represented in Fig. 1). 


Time Curve.—The time curve of the reaction with two different sera is 
given in Fig. 2. A linear formation of CO, was observed up to 48 hours. 


*Schwarz Laboratories, Inc., and L. Light & Company, Ltd. 
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Addition of 3 drops of toluene did not influence the course of the reaction. 
However, no indications of bacterial growth were found even in the absence 
of toluene, probably due to the high concentration of arsenate during incuba- 
tion. 


es 
“CO, 


02 








Fig. 1 Enzyme concentration curve 








T 


24 48 hours 


Fig. 2.—Time curve 


pH Curve.—A fresh solution of Na,HAsO, was titrated with 12 N HCl 
to the desired pH (glass electrode after dilution) and used at a final molarity 
of 0.25 with respect to arsenate. Fig. 3 indicates a pH optimum of around 
7.15 for the reaction. 

Concentrations of Substrates.—Figs. 4 and 5 demonstrate the dependence 
of the enzymie activity on the concentrations of citrulline and arsenate. With 
0.25 M phosphate, pH 7.1, in place of 0.25 M arsenate the formation of 


CO, decreased to 25 per cent. 
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Most of experiments recorded in this paper were carried out with sub- 
optimal C™ citrulline concentrations (0.01 M) in order to save the isotopic 
material 


Influence of Temperature.—lig. 6 shows that optimal results were ob- 


tained at a temperature of about 45° C. This relatively high temperature 


optimum is explained by the heat stability of the enzyme. For practieal pur- 


poses a temperature of 37° C. was chosen for standard conditions. 


sumoles 
“co, 


02 
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Q5 M arsenate 


Dependence on arsenate concentration. 








20 40 50 < 


Fig. 6 Temperature curve. 


Reliability of the Method —OCT determinations have been carried out 
routinely during one year on human sera by the isotope method. The con- 
ditions were as described above, except for an incubation time of 24 hours. 
Over a period of 4 months, 20 consecutive OCT determinations on different 
days were carried out with the same serum, which was kept frozen at —15° C, 
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ORNITHINE CARBAMYL TRANSFERASE IN SERUM 


between determinations. The following values were obtained: 196, 181, 183, 
174, 180, 182, 182. 170, 198, 200, 186. 186, 188, 175, 175, 178, 183, 198, 196, and 
185 ¢.p.m. giving a mean value of 185 ¢.p.m. This value represents a slight 
but definite pathologie elevation of serum OCT. The standard deviation 
was +11.6 (= +6.3 per cent). 


Comparison of Microdiffusion Technique and Isotope Method.—The micro- 
diffusion technique measured the amount of ammonia formed from nonlabeled 
citrulline through the action of OCT.’ A comparison was made between this 
technique and the isotope technique on 101 conseeutive sera from different 
patients. The results, summarized in Fig. 7, demonstrate that a good cor- 
relation was obtained. This correlation was only relative and a stoichiometric 
formation of CO, and NH, was not observed since different substrate con- 


centrations were employed in the isotope and the microdiffusion methods. 


General Observations —OCT is quite stable in serum. Samples could be 


stored at + 4° C. for at least one week or at —15° C. during more than one year 
without any demonstrable decrease in enzyme activity. Whole blood could be 
stored at room temperature for at least one day. 

Furthermore, the following factors did not influence OCT activity: re- 
peated freezing and thawing; addition of heparin, citrate, or oxalate; and 
slight hemolysis. After massive hemolysis a small decrease was observed 
in OCT activity, probably reflecting a dilution effect 


DISCUSSION 


The determination of OCT aetivity in serum has already proved to be of 
value for the diagnosis of liver injury.’ The enzyme is released into the blood 
stream after liver cell damage. A similar behavior has been demonstrated 
earlier for other liver enzymes, such as glutamic oxalacetie transaminase" 
and glutamic pyruvic transaminase.’* In contrast to these latter enzymes 
OCT almost exclusively occurs in liver cells® ** and an inerease of the OCT 
activity of serum, therefore, specifically reflects the involvement of the liver 
during a pathologie process. 

We are in this paper describing two different methods for OCT deter- 
minations in serum. Both methods are based on the arsenolysis of citrulline, 
i.e., the enzymie formation of NH,, CO., and ornithine from citrulline in the 
presence of arsenate. Such a reaction was found by Krebs and associates® to 
occur in extracts of mammalian liver mitochondria but not in any other or- 
gans. The arsenolysis of citrulline was subsequently shown to be earried out 
by OCT. 

The main point which must be considered coneerns the identity of the 
enzyme determined by us in serum with liver OCT. We found that high con- 


centrations of citrulline and especially arsenate were necessary for optimal 


enzyme activity, which is in accordance with the requirement of the liver 
enzyme of Krebs and co-workers.® <A similar parallelism can be found for 
the pH optimum and the temperature stability of the enzyme activities. 
Furthermore, it was found that purified liver OCT had the same mobility 
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on paper electrophoresis as the serum fraction containing the enzyme ac- 
tivity."* Finally, and most important, identical relative OCT levels were ob- 
served with 101 sera when either the formation of isotopic CO, or of NH 
(Conway technique) was used for measuring enzyme activities. Thus, there 
ean be hardly any doubt that with both methods the actual level of OCT in 
serum is measured, 

A comparison of the two methods has shown that the only advantage of 
the microdiffusion technique was that no isotopic substrate or equipment for 
isotope measurements were required. This might, in certain instances be a 
decisive advantage. With the equipment at our hands the isotope technique 
was actually less time consuming than the diffusion technique and permitted 
the simultaneous determination of OCT activities of 24 different sera. The 
main advantage lies in the higher accuracy of the isotopic method. This is 
due to the relatively high values of ammonia in the “blank” in the diffusion 
technique, which are of about the same magnitude as those produced by the 
normal content of OCT in serum. That makes it difficult to find slightly ele- 
vated pathologie values of OCT by single determinations with this method, 
while the isotope method can detect such pathologie values with certainty. 
In our experience,'® however, values of 0.28 »M NH, per 0.5 ml. serum by the 
diffusion technique (corresponding to 0.125 pM CO, per 0.5 ml. serum) 
were always of pathologie significance, but, with the isotope method, already 
values of 0.09 »M C™O, were significantly elevated. 


SUMMARY 

In mammals ornithine carbamyl transferase (OCT) is exclusively loecal- 
ized in the liver. The determination of OCT is of interest in connection with 
liver disease. 

OCT catalyzes the formation of CO,, NH, and ornithine from citrulline in 
the presence of arsenate. Two methods are described for its determination 
in serum. In one method the formation of labeled CO, from citrulline 
earbamyl-C*™* was measured, in the other method the formation of NH, from non 
labeled citrulline. Optimal conditions with respect to pH, temperature, and 
substrate concentrations were investigated. 


Both methods gave similar results with 101 normal and pathologie sera. 


The isotope method was more accurate, especially in the ease of slightly ele- 
vated OCT values. 
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THE MEASUREMENT OF CHANGES IN ACETYLCHOLINE LEVEL 
(ACh) IN RAT BRAIN FOLLOWING AMMONIUM ION 
INTOXICATION AND ITS POSSIBLE BEARING 
ON THE PROBLEM OF HEPATIC COMA 
Tuomas R. ULsHarer, ComMANDER (MC), USN* 

BETHESDA, Mp. 


EPATIC coma in relation to ammonium ion intoxieation is a subject of 

great interest and importance to both the basie and the clinical investi 
gator, as witnessed by the attention devoted to the subject in the literaure in 
recent years. It is the purpose of this paper to extend the observations bevond 
the level of the Krebs’ cycle to the chemical reaction that is known to obtain 
at the synapses in the central nervous system (CNS) where acetylcholine (ACh) 
is the principal chemical mediator of action. To this end an experiment was 
designed to measure, under controlled conditions in experimental animals, an) 
alteration in the synthesis of ACh following severe ammonium ion intoxication. 
It is postulated that ammonium ion acting to convert glutamic acid to glutamine 
might depress the synthesis of ACh at the synapses in the cortex, midbrain, 
and pyramidal tracts, since glutamie acid is essential to the formation of 
ACh'; and that this depression of ACh at the synapses might produce a “‘ bio 


chemical decerebration’’ corresponding to the level of transection theoretically 


necessary to produce the neurologic signs of hepatie coma 


METHODS 


The general technique employed for the treatment of the tissues of the brain and 
the chemical extraction and bio-assay of ACh was identical with that of Richter and 
Crossland? with the following modifications: the frozen brain was weighed in toto on a 
torsion balance before powdering in the ‘‘erusher’’ devised by Stone 


ples, 


; only random sam 
not all, were run in duplicate halves to demonstrate the inactivation of the extract 


at pH 11 characteristic of ACh; a 10 ml. rather than a 5 ml. bath was used for the test 


tissue (frog rectus); and a ‘‘continuous’’ feed kymograph* was used. In addition, a 
standard solution of ACh was made up biweekly in glass-distilled water at pH 7.0 and 
stored at 4° C. In verifying the methodology as adapted, it was possible to duplicate 
Richter and Crossland’s? ‘‘normal’’ and ‘‘excited’’ values in advance of assessing the 
experimental preparations, 

An easily repeatable experimental preparation was obtained by employing segregated, 
adult female Sprague-Dawley rats, weighing 28] plus or minus 41 grams each, which were 
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allowed to become adjusted to a 6 by 7 in. cage of %4 in. galvanized mesh before use. 
‘he animals used for controls were both unpaired, i.e., receiving no placebo injection or 
Simulated confinement, and paired, i.e., receiving a placebo injection and simulated con 
finement. A dose of 1 to 2 mi. per kilogram of body weight of 11 per cent W/V NH,),CO 
was administered via the tail vein. This dose was sufficient to produce almost instantane 


ous convulsions characterized by cry, opisthotonos, extensor rigidity, excitement, trismus, 


tremor, rigors, blinking, flapping, and coma. This syndrome of ammonium ion intoxica 


tion was easily repeatable from animal to animal, if the dose of ammonium ion was 
properly gauged. At 1- and 3-minute intervals after intoxication the animals were almost 
instantaneously frozen by immersion in liquid nitrogen and the tissues were handled and 


treated as mentioned above. 


SUMMARY OF DATA 


riME KILLED 
N MINUTES REACTION ¢ 


I 
NO. OF ANIMALS I ; Pont gg 
AND GROUP I INJECTION | VULSION SION 
Il. 6 controls X 
unpaired 
Il. 6 intoxicated 
unpaired 
LIT. 5 intoxieated 
(unpaired 
IV. 7 controls 
paired 
5 intoxicated 
paired 
comprised of: 
intoxicated 
paired 
plus 
2 intoxicated F SE 
( paired 
VI. N 11 intox! : ; MI-MO 


cated SE 


Vil. N 
trols 


*Placebo glass-distilled water 

tMI Mild, MO Moderate, SE Severe 

tBrain cortex plus midbrain 

$One animal only received half the calculated dose and had a mild convulsion 


RESULTS 

Thirty-seven determinations of brain ACh were done in 35 animals. The 
results are summarized in Table I. It will be noted that this table incorporates 
only data from animals judged to have met the experimental conditions of a re 
producible reaction, manifested by convulsion on intoxication. From inspee- 
tion of the data in Table I, it is seen that the predicted similarities and dis- 
similarities are striking. The data were further subjected to statistical analy- 
sis according to Student’s method,» * and the variations were found to be 
statistically valid. If the unpaired data are examined first and the 6 controls 
are contrasted to the 6 intoxicated animals, the values are strikingly different, 
the control being 1.23 (X) + 0.15 (#) while the intoxicated is 0.25 (X) + 
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0.15 (o). Examination of the paired data indicates that there are only 8 
chances in 1,000 that the difference between the controls (1.07 + 0.20) and 


intoxicated animals (0.64 + 0.12) could be reproduced by chance alone, thus 


indicating a significant difference. It was further demonstrated that the con- 
trols were indeed a homogeneous group and that simulated treatment in the 
paired animals did not alter the basie state; the homogeneity was statistically 
demonstrated by a value for ‘‘p’’ of 0.38 arrived at by comparing the 6 un 
paired controls (1.23 + 0.15) with the 7 paired controls (1.07 + 0.20) as to the 
probability of getting the same or greater difference by chance. Finally, the 
13 controls were compared with the 11 intoxicated animals that met the eri- 
teria for a reproducible convulsing preparation. The 13 controls had a value 
of 1.14 + 0.19, and the 11 intoxicated animals had a value of 0.42 + 0.24. The 
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ACh (c) Basic dose 
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(b) Administered dose in cc of 1% W/V (NH,),CO, 


Fig. 1.—(a) Mean ACh in micrograms per gram of brain, (b) in relation to the dose 
administered, (c) the basic dose range, and (d) the relative severity of the reactions clin 
ically. 


statistical significance of the difference was readily demonstrated. It is con- 
sequently felt that, by demonstrating such a significant reduction in ACh in 
micrograms per gram of brain in ammonium intoxicated animals, the original 
hypothesis leading to the establishment of this experiment to investigate such 
an anticipated change is tenable. 

Fig. 1 shows the general relation of the trend of the mean ACh in micro- 
grams per gram of brain to the actual administered dose, the basic dose, and 
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the severity of reaction (2 noneonvulsant animals are included here in the 1 
ml. per kilogram of body weight dose range). Doses based on 1 ml. per kilo- 
gram of body weight produce a picture varying from no convulsions to mild 
convulsions, while doses based on 1.5 ml. per kilogram of body weight produce 
moderate convulsions, and doses based on 2.0 ml. per kilogram of body weight 
produce severe convulsions. It was also observed that when a convulsion is 
produced by the injection of ammonium ion based on 2.0 ml. per kilogram of 
body weight that it produces a fall in ACh that becomes deeper at 3 minutes 
than at 1 minute. Statistical validity of the difference between the respee- 
tive values of 0.18 + 0.08 and 0.57 + 0 .02, respectively, is shown by the caleula- 
tion of a probability that this difference or a greater one could occur by chance 
only twice in 1,000 such instances. No control showed any slight evidence of 
a convulsive reaction, while the 15 intoxicated animals showed the following 
frequency of signs previously assembled as characteristic of hepatic coma: 
extensor rigidity 14; excitement 13; convulsion 13; trismus 13; ery 10; tremor 
9; rigors 8; blinking 4; flapping 3; and depression 3. Exophthalmos of re- 
versible type and varying degree, as previously noted empirically by Hand- 
ford,’ was noted in 5 intoxicated animals 


DISCUSSION 


The hypothesis tested was formulated by the integration of precepts pre- 
viously arrived at but not interrelated. It is generally accepted that glutamic 
acid is essential to the formation of ACh in the CNS'; and that ammonium is 
liberated in the CNS in the deamination of glutamine to glutamic acid.’ There 
is a superabundance of ammonium ion present systemically from other 
sources in hepatic failure... Thus, the deamination of glutamine to glutamate 
in the CNS may be blocked by the superabundance of ammonium ion which 
according to the law of mass action may be ‘‘pushing’’ the reaction in the 
opposite direction, yielding glutamine while glutamic acid is virtually elimi- 
nated. In the absence of glutamate, the synthesis of ACh at the brain synapses 
might be blocked or depressed, as glutamic acid is an essential substance in 
this synthesis. It was not only the postulated reduction of ACh in itself that 
seemed significant but, in addition, the interesting correlation of the clinically 
proposed sites of the functional lesion of hepatic coma with the normally pre- 
ponderant sites of ACh in the brain. The neurologic signs of coma are de- 


scribed by Adams and Foley® as limited so as to relate to a functional abnor- 


mality in the cortex, midbrain, and somewhat in the pyramidal traets. An 


assay of normal brain tissue for ACh in several species and by several investi- 
gators has revealed a preponderance of ACh in these areas almost to the ex- 
clusion of the rest of the brain.'’’'* Thus, the depletion by impaired synthesis 
of ACh would be most felt in the areas of the brain to which the neurologic 
signs of hepatic coma are ascribed. This may then be said to represent a 
‘biochemical decerebration.’’ As stated in the introduction, it was proposed 
to intoxicate rats with ammonium ion intravenously and measure the ACh in 
convulsing rats. This procedure of intoxicating rats with ammonium ion was 
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done previously by Handford,’ who found a peak of blood ammonium accom- 


panied by a convulsion that was almost instantaneous with injection followed 
by a return to normal levels in about 30 minutes in rats. <A similar but more 
protracted pattern of blood ammonium ion levels has been deseribed by Sher- 
lock* in hepatic coma in man. Thus, it would seem that the measurement of 
ACh in rats at a given time postinjection not only demonstrates that a fall of 
ACh oceurs in ammonium ion intoxication, but also may simulate the possible 
mechanism of hepatie coma. 


SUMMARY 


Rats were intoxicated by intravenous injection of (NH,).CO, sufficient to 
produee a convulsive picture simulating hepatic coma. At the peak of the 
reaction the animals were immersed in liquid nitrogen, the brain removed, and 
extraction and bio-assay for acetylcholine performed. Control animals were 
similarly treated. 

A statistically significant difference in ACh level of brain tissue between 
control and experimental animals was demonstrated, as the intoxicated ani 
mals showed a consistent diminution in acetylcholine level relative to the con 
trols. It was shown that large doses of ammonium ion capable of consistently 
producing a convulsion, also depressed the level of acetylcholine further at 3 
minutes than at 1 minute. The data further suggest that greater depression of 
the acetylcholine level occurs with larger doses of ammonium ion. 

It is felt that the results of these experiments lend strong support to the 
proposed hypothesis that ammonium ion injected intravenously into experi- 
mental animals, acting to convert glutamic acid to glutamine, deprives the 
brain of acetylcholine at the synapses since glutamic acid is essential to the 
formation of acetylcholine. Also, that such deprivation of acetylcholine at 
the synapses might possibly produce a ‘‘biochemical decerebration’’ corre- 
sponding to the theoretical level of surgical transection necessary to simulate 
the neurologic picture of hepatic coma. 


The encouragement and guidance of S. W. Handford, CDR, MSC, USN, was greatly 
appreciated, as was the encouragement and material provision of the U. 8. Naval Hospital 
and the U. 8, Naval Medical Research Institute, National Naval Medical Center, and the 
Bureau of Medicine and Surgery, Navy Department, Washington, D. C, 
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COMPARATIVE LEVELS OF HIGH MOLECULAR WEIGHT (19S) 
GAMMA GLOBULIN IN MATERNAL AND UMBILICAL CORD SERA 
E. C. Frankurin, M.D., anp H. G. KunKeEt, M.D. 

New York, N. Y. 

INCE the newborn infant is unable to synthesize y-globulin, the y-globulin 

present in the fetus at birth is thought to be derived from the mother by 
transfer through the placenta.*.* After birth, the serum level gradually falls 
until the onset of antibody synthesis at the age of 5 to 6 months. Recently 
it has been demonstrated that normal y-globulin ineludes as much as 10 per cent 
of material of higher molecular weight (19S fraction) which differs in chemical 
and immunologic properties from the major 7S component and contains cer- 
tain antibodies.* ** It seemed of interest to see if this fraction behaved in a 
manner similar to the 7S y-globulin in the newborn infant. If the defect in 
the antibody forming mechanisms of the fetus should hold true for the 19S 


fraction as well as for the major 7S component, it would appear possible that 


by virtue of its large size the 19S y-globulin fraction might not pass the pla- 


centa in the same fashion, and would therefore be absent or present only in 
low concentration in eord sera. To test this hypothesis, an ultracentrifugal 
and immunologie study of the 19S y-globulin fraction of cord sera was under- 
taken. 

MATERIALS AND METHODS 


Cord blood was obtained immediately after delivery. Maternal serum 
the onset of labor. 


was drawn at 
Control sera were obtained from normal adults and from 4- to 24-month 
old children in a fasting state. Two milliliter aliquots of 14 cord sera of blood types A, B, 
and O, 7 paired maternal sera, 3 normal adult sera, and sera of 7 infants were separated 
by starch zone electrophoresis using barbital buffer pH 8.6 T'/, 0.1.5 The y-globulin frae 
tions were recovered by displacement filtration of all protein migrating more slowly than the 
rust-colored band of the iron binding protein and reconcentrated to the original volume by 
ultrafiltration. Each fraction was then examined in the analytical ultracentrifuge and the 
concentration of 198 material was determined as described by Trautman.® In addition, in 
eases where 198 molecules could not be detected by ultracentrifugal examination, a qualita 
tive assay for the presence of 198 y-globulin was made by more sensitive immunologic tech 
niques using antisera made specific for the normal 198 y-globulin fraction by absorption 
with 78 y-globulin.¢ In 11 cases the agar diffusion method of Ouchterlony was employed 
and in 3 a simple capillary precipitin technique was used. In addition, in 5 of the cord 


sera the concentration of 198 y-globulin was determined by means of a quantitative 
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Received for publication May 2, 1958 

*Because this material migrates more rapidly than the bulk of y-globulin, it has fre- 
quently been called a fs-globulin In the present work it has appeared more like a y-globulin 
and this designation has been used. 
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precipitin test using an antiserum specific for a pathologic macroglobulin closely related, im 


munologically, to the normal 198 y-globulin. The amount of protein precipitate was measured 


by the modified Folin technique, and expressed as milligrams per cent macroglobulin by 


comparison to a standard curve obtained with a pathologie macroglobulin, 


RESULTS 

lL. Ultracentrifugal Examination.—On ultracentrifugal analysis, 13 of the 
14 y-globulin fractions from cord sera, including one from a patient with 
ABO hemolytie disease of the newborn with a maternal anti-A titer of 1:4000 
failed to show the 19S y-globulin peak normally present in all adults, while in 
one case a small amount of 19S y-globulin was detectable. The y-globulin iso- 
lated from a cord serum shown in Fig. 1 illustrates the absence of the normally 
present 19S component. In each of the y-globulins obtained from maternal and 
adult control sera the concentration of 19S material fell within the previously 
observed range of 5 to 10 per cent of the total y-globulin. Two peaks with s 
rates of 7S and 19S are elearly visible in the control y-globulin shown in Fig. 
1. In contrast, the 19S a-globulin component was present in each of 3 cord 
sera examined, 


Adult 


Fig. 1 Comparison of the ultracentrifugal patterns of the y-globulins from one cord 
and one adult serum The 19S component is absent in the cord 


serum The sedimentation 
is from left to right 


Immunologic Studies.—Each of the 14 y-globulin fractions from eord 
sera was examined by one of the immunologie techniques. 19S y-globulin was 
detected by the agar diffusion technique in 9 of the 11 sera so examined, and 
in each of 3 tested by the capillary precipitin test, while 2 failed to show a 19S 
line in the agar diffusion system. In 5 cord sera examined by the quantita- 
tive precipitin test, the concentration of 19S material was found to be 1/10 to 
1/20 that of a large number of normal and pathologie control sera, but of the 
same order of magnitude as that seen in sera from 2 patients with hypogam- 


maglobulinemia. Sinee the immunologically determined values listed in Table 


I were obtained by comparison to a pathologie macroglobulin, they are 


probably lower than the actual concentration of the normal 19S component 


and can be regarded only as approximations. 
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TABLE I. CONCENTRATION OF 19S y-GLOBULIN IN UMBILICAL CoRD AND ADULT SERA 


ULTRACENTRIFUGAI IMMUNOLOGK 
ANALYSIS ANALYSIS 
SERA (ma. % 198 (MG. % MACROGLOBULIN 
Normal adult and maternal 50-100 35-70 
Umbilical cord 
l < 10* 
< - 10 
10 
10 
10 


10 
10 


detectability is approximately 10 mg. per cen 


DISCUSSION 


Since the fetus and newborn infant cannot synthesize y-globulin at birth, 
their antibodies are derived from the maternal serum by passive diffusion 
through the placenta. This has been shown clearly by the recent observation 
of Good and Zak* that the baby of an agammaglobulinemie mother was also 
agammaglobulinemie at birth and during the neonatal period, and did not be- 
gin to form y-globulin until the end of the second month of life. 7S y-globulin 
and a number of antibodies associated with this fraction diffuse readily, and 
the titer in cord sera is of the same order of magnitude as that of the mother.’ 
In the case of the larger 19S molecules, however, it appears that the placenta 
presents a greater barrier to diffusion, and that this, together with the inability 
of the fetus to synthesize antibodies, results in a lower concentration of 19S 
y-globulin in cord sera than in the corresponding maternal sera. The ab- 
sence of this component is difficult to determine by ultracentrifugal analysis 
of whole serum because here the a, 19S component which is present at birth 
is also included. In the majority of cases, regardless of the blood group of 
the fetus, the 19S fraction of y-globulin is not present in sufficient concen- 
tration to be seen by ultracentrifugal examination and can be detected only 
by the more sensitive immunologie procedures using potent specific antisera. 


Reeent reports by Scheidegger and associates’ employing immunoelectrophoresis 


indicate that the 8, fraction, which probably corresponds to the 19S y-globulin 


as well as to an additional and as yet unidentified B,-a fraction, is absent in the 
sera of newborn infants. In an ultracentrifugal study of the cord serum of a 
baby from a patient with cirrhosis of the liver, Slater* also noted the absence of 
19S y-globulin in spite of a high concentration of the 7S fraction. 

These observations are in accord with the levels at birth of the isoagglu- 
tinins.? some of which are known to be associated with the 19S fraction of 
y-globulin, and of other 19S antibodies. Their titer is lower than that of the 
maternal sera, falls further during the first few months of life, and rises after 
the infant’s antibody-producing mechanisms begin to function at 5 to 6 months 
of age.’® Such a differential in concentration in the ease of certain antibodies 
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is probably significant in disorders such as ABO hemolytic disease of the new- 
born, as well as in determining, in part, resistance of the infant to certain 
infections during the first few months of life. 
SUMMARY 
1. The concentration of the high molecular weight fraction of y-globulin 
(19S) in the serum of the newborn is much lower than that of the adult. 


2. The 19S y-globulin component of the newborn, although usually not 


detectable by ultracentrifugal examination, could be demonstrated readily by 


the more sensitive immunologie techniques. Values by quantitative precipitin 
analyses were 1/10 to 1/20 of the normal adult. 


3. It would appear that the inability of the fetus to synthesize y-globulin 
involves both the 7S and 19S fractions. 
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SENSITIVITY OF SHIGELLAE ISOLATED DURING 1954 AND 1957 
TO FIVE ANTIBIOTICS 
RACHMIEL Rozansky, M.D., Mosue D. Birnsaum, M.D., anp YEHosHUA BENARI 
JERUSALEM, ISRAEL 


ACILLARY dysentery is a common disease in Israel. During 1954 to 
1957, the period of this study, 10,205 eases of bacteriologically proved 


bacillary dysentery were reported to the Government Health authorities 
a rate of 16 per 10,000 inhabitants. For longer than a decade the sulfonamides 
were the drug of choice in the treatment of bacillary dysentery. In the last 
few years, however, evidence accumulated from different parts of the world 
indicates that shigellae have developed resistance against sulfonamides." * * 7-'° 
The authors, reporting on the prevalence of sulfonamide-resistant strains, have 
stressed that the strains remained sensitive to various antibioties."* ** * '° 
It seemed, therefore, worth while to study changes in sensitivity of shigellae 
to antibiotics over a period of years. It seemed also that training of resistance 
in vitro may be helpful in predicting the pattern which resistance might take 
inman. A survey of therapy administered to patients suffering from bacillary 
dysentery between 1954 to 1957 is included in this study. 


MATERIALS AND METHODS 


Six hundred and ten strains of shigellae (540 of them Shigella flexneri) isolated 
during 1954 and 1957 from patients admitted to the Hadassah University Hospital and 
its Outpatient Department (Jerusalem) were examined for their sensitivity to streptomycin, 
chloramphenicol, chlortetracycline and oxytetracycline. Since 1956, the strains were also 
tested for sensitivity to neomycin. 


Isolation of Strains. Samples of feces or rectal swabs were inoculated onto MeConkey 


and SS* agar (Difeo) plates. Suspected colonies of shigellae were transferred to 
Kligler Iron agar. Growth from Kligler medium was tested on slides with Shigella sera. 
All strains were further examined biochemically and finally confirmed by the Government 
Shigella Reference Laboratory.t 
The sensitivity was determined by the agar diffusion method, using sensitivity 
tablets manufactured by Roskilde, Denmark. The tablets are of 9 mm. in diameter and 
contain 5 mg. of the antibiotic. The technique described by Lund and ecollaborators® was 
adopted. A zone of inhibition of 23 mm. or more indicates a sensitive strain. Such 
strains when examined by the dilution method would be inhibited by a concentration of 
5 to 10 wg per milliliter of the antibiotic. 
From the Department of Clinical Microbiology, Hadassah Hebrew University Medical 
mag tem the Department of Internal Medicine “A,” Hadassah University Hospital, Jerusa- 
: teceived for publication May 2, 1958. 
*Salmonella-Shigella agar. 
(Director: Dr. E. Olejnik 
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Training of resistance was performed by serial transfers into increasing concentra- 
tions of the drug. The twofold dilution technique was used. Difco nutrient broth served 
as medium. An inoculum of about one million organisms was used. Results were read 
after incubation at 37° C. for 24 hours. The concentration at which no growth was seen 
by the naked eye was designated as inhibitory. Twenty-two strains were tested for 
development of resistance toward streptomycin and 10 strains for development of resistance 
to chlortetracyecline and neomycin. 

The survey of the type of therapy given to 281 patients suffering from bacillary 
dysentery between 1954 and 1957 is based on data from records of hospitalized patients 
and of those treated in the Outpatient Department. The duration of treatment varied 
from 5 to 7 days. For adults, sulfadiazine in a dose of 3 to 4 Gm. per day was given. 
The daily dose of the antibiotics was of the order of 1 Gm. per day. In children the dose 


was adjusted to age. 
RESULTS 

As can be seen from Table I, although the majority of strains continued 
to be sensitive to the antibioties tested, a slow but steady increase of resistant 
strains was observed. In 1954, nearly 100 per cent of the strains were sensitive 
to the antibiotics. Im 1957, about 30 per cent of the strains were resistant to 
tetracyclines and 20 per cent to streptomycin and chloramphenicol. Sensitivity 
toward neomyein remained unchanged during 1956 and 1957. 


TABLE I. SENSITIVITY OF STRAINS OF SHIGELLA ISOLATED DuRING 1954 TO 1957 
TOWARD ANTIBIOTICS 


TOTAL PERCENTAGE OF SENSITIVE STRAINS 
NUMBER STREPTO CHLOR OXY- CHLOR- 
OF STRAINS YEAR MYCIN TETRACYCLINE TETRACYCLINE AMPHENICOI NEOMYCIN 


91 1954 100 100 a9 99 ey” 

208 1955 96 96 98 100 ® 

187 1956 89 74 86 90 

124 1957 80 71 67 81 

*Not examined. 

Results of training of resistance toward streptomycin in 22 strains were 
as follows: 14 strains that were initially sensitive to 1 sg per milliliter of 
the drug developed a tenfold to twentyfold increase in resistance after 10 
transfers. The pattern of resistance development in 2 other strains resembled 
the usual behavior of other Enterobacteriacea: one strain that was initially 
sensitive to 2 »g per milliliter of streptomycin developed, after 10 transfers, 
a five thousand fold resistance; the other strain was initially sensitive to 1 
wg per milliliter and developed a hundred thousand fold resistance. Six 
strains that were initially resistant to 100 »g per milliliter of streptomycin 
developed a one thousand fold inerease in resistance (Fig. 1, strain 38, for 


example). Strain 35 did not increase its resistance more than tenfold even 
after 35 transfers. Strain 78 yielded, after 20 transfers, a highly resistant 
mutant, which subsequently became streptomycin dependent (Fig. 1). The 
development of resistance toward chlortetracycline and neomycin is charac- 
terized in Fig. 2. After 10 transfers no more than a tenfold inerease in re- 


sistance to neomycin was achieved. Strains initially inhibited by concentra- 
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tions of 1 to 3 png per milliliter yielded descendants inhibited by 12 to 25 pg 
per milliliter. With chlortetracyeline 5 strains developed, after 10 trantfers, 
a tenfold resistance and 5 strains a one hundred fold resistance. 

The survey of therapy is summarized in Table Il. During the period of 
1954 to 1957, the use of sulfonamides decreased and that of antibioties in- 
creased. About one-third of the patients received tetracyclines in 1954 to 


1956; during 1954 and 1955 11 patients and during 1956 and 1957 28 patients 


had to be given antibioties in addition to sulfonamides. The antibiotics were 
needed because of the lack of clinical response and positive stool culture in 
spite of sulfonamide treatment for 5 to 7 days. 


TABLE II, Survey or TREATMENT OF 281 PATIENTS SUFFERING FROM BACILLARY DYSENTERY 


PERCENTAGE OF PATIENTS TREATED WITH 
NO. OF SULFON STREPTO CHLORAM TETRA 
PATIENTS AMIDES MYCIN PHENICOI CYCLINES NEOMYCIN 


38 55 34 0 
S3 0 : ‘ 29 0 


S4 42 ps : 33 2 


76 +1 3 y 20 + 


DISCUSSION 


Shigellae belong to the microorganisms which are highly sensitive to 
antibioties and develop resistance very slowly.* However, it should be pointed 
out that a gradual and steady decrease in sensitivity developed in the last 4 
years. The more marked inerease in resistance found with tetracyclines may 
find its explanation in the wide use of these drugs in various infections and 
in dysentery cases which do not respond to sulfonamides. Higgins and col- 
laborators® found a decrease in the percentage of shigellae sensitive to oxy- 
tetracycline in a group of children treated prophylactically with the drug. It 
is known that resistance to chloramphenicol develops slowly, and the finding 
in 1957 that 20 per cent of the strains were resistant was unexpected. The 
percentage of streptomycin-resistant strains remained low considering the 
usual rapid development of resistance to streptomycin in most bacteria. In 
our experiments to train resistant offspring shigellae developed resistance 
to streptomycin step by step. Only initially insensitive strains developed a 
rapid increase in resistance. 

Tetracyclines were used successfully in 1954 and 1955 in severe dysentery 
cases, especially after sulfonamides had failed to clear the bowel of shigellae. 
Parallel to the increasing resistance toward these drugs, the trend to use them 
less is apparent. In 1957, only 20 per cent of patients were treated with 
tetracyclines as compared with 33 per cent in 1956. During the period of 
study a steady increase in the use of streptomycin and chloramphenicol is 
noted. These drugs were effective within the first 24 to 48 hours as measured 
by the fall in temperature to normal levels and the cessation of diarrhea. 
Streptomycin was generally administered orally during the last two years. 
It must be stressed that bacillary dysentery is a self-limited disease of short 
duration, and in many cases the evaluation of the treatment is difficult. 





ROZANSKY AND BIRNBAUM 


SUMMARY 


Six hundred and ten strains, isolated in Jerusalem over 4 years, were 
tested for their sensitivity to 5 antibiotics. A gradual decrease in sensitivity 


was observed, more marked for tetracyclines than for streptomycin and chlo- 


ramphenicol. In 1957, 70 to 80 per cent the of Shigella strains were sensitive 
to these antibiotics as compared with nearly 100 per cent in 1954. 

Most of the strains examined developed a low resistance against strep- 
tomyein after 10 tranfers in vitro. Similar results were obtained with chlor- 
tetracycline. The slowest increase in resistance was found in tests with 
neomycin, 

A survey of therapy reveals an increasing use of antibioties and a shift 
from tetracyclines to chloramphenicol and streptomycin in treatment of 


bacillary dysentery. 
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INVESTIGATIONS INTO THE SOURCE OF ANTIBODIES TO GELATIN 
IN NORMAL SERA 
Paut H. Maurer, Pu.D. 


PITTSBURGH, Pa. 


N A previous publication it was shown that antibodies to gelatin are found 
| in many normal sera from different species,'’? such as man, dog, eat, and 
rat. It was mentioned that at least two possibilities may explain the presence of 
these antibodies. One was that the antibody to gelatin may be directed against 
gelatin found in various diets. The other possibility was that antibodies to 
gelatin may possibly be related to degradation products of collagen. The 


experiments discussed in this publication were undertaken to test some aspects 


of these hypotheses. The experimental approach was to place rats and dogs 
on (a) a diet high in bone meal or any other gelatin souree and (b) to feed 
another group of animals a diet that. had no bone meal or gelatin source at all. 
In addition, sera were obtained from infants, normal medical students, a group 
of individuals from the University of Pittsburgh Arthritis and Rheumatism 
Clinie, private practice patients, and some agammaglobulinemie individuals. 


MATERIALS AND METHODS 
intigens.—The gelatin used for testing the various sera was a beef bone gelatin 
preparation number 148-1B which was kindly supplied by the Knox Gelatine Company. 
The complete characteristics of other preparations have been presented previously. The 
extensive work of Ratner and Crawford’ on the anaphylactogenie properties of gelatin 
indicated that the Knox Gelatine employed for intravenous use did not have any other 
bovine proteins present which could sensitize guinea pigs. 


Sera. 

1. Rat sera: Six different pools of serum were studied. Three were from rats kept 
on a high-meat diet and 3 pools were obtained from rats that had never been fed meat or 
meat products. 


2. Dog sera: At about the age of 6 to 8 weeks, a litter of 6 beagles was placed 
on a diet completely free of gelatin. These dogs were kept on this diett for 2 months and 


then placed on a high-meat diet for several months. Serum was obtained from these dogs 
before being placed on the nongelatin diet, during, and after this period. Serum was 


also obtained after several months on the high-gelatin diet. 


From the Department of Pathology, University of Pittsburgh, School of Medicine, 
Pittsburgh 13, Pa 
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*The author wishes to thank Dr. Gerald Cox of the University of 


Pittsburgh Dental 
School for providing him with these sera 


(The nongelatin diet consisted of a mixture made from 150 pounds of Wayne 
Meal (14 per cent protein, 1.5 per cent fat, 5.5 per cent fiber), 30 pounds 
pounds dried skim milk, and 4 pounds soybean oil In addition, a vitamin supplement was 
added The high-protein diet used was the normal dog diet employed at the Addison Gib- 
son Laboratories, University of Pittsburgh 


Ranch 
soybean meal, 20 
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3. Children’s 
the 


serum: One to three milliliters of were obtained from children 


Pittsburgh, from 1 month to 13 


Thirteen pools were made according to age distribution, and their sera analyzed. 


sera S| 


at Children’s Hospital in ranging of age 


years 


4. Adult human 
normal medical students, 


sera: 
2° 
133 


3 agammaglobulinemie individuals. 


The human sera were obtained from the following groups: 115 


individuals diagnosed as outlined in Table II and, in addition, 


from 


sera 
Analysis for Antibody. 
for antibody the 


Folin-Cioealteau 


Each serum pool and individual human serum was assayed 
of Mae 


deseribed 


nitrogen 
the 
cold 
were kept at 0° C, 


by quantitative precipitin methods Heidelberger and 


Pherson,* using tyrosine reagent, as previously.!. 2 


Because insoluble globulins from 


all 


This procedure eliminated high 


precipitated many rheumatoid sera, 


seTu 


for 2 weeks before beginning the analysis. 


blank readings for control sera. 


RESULTS AND DISCUSSIONS 


In previous publications® * the criteria for ascribing the term ‘‘antibody’’ 
to the globulin materials in normal sera precipitated by gelatin were given. 
Briefly these were as follows: (1) a typical type of precipitin curve was ob 
tained by addition of gelatin to the sera, (2) specific precipitates formed at 
equivalence were soluble only in excess gelatin, (3) specifie precipitates formed 
from human sera reacted quite well with rabbit antihuman gamma globulin 
serum, (4) the absorption spectrum of the material precipitated by gelatin 
resembled that of globulin, (5) the protein in human sera was destroyed by 


beating at 56 to 60° C. for 14 hour, as is human antibody. 


Recent unpublished experiments’ have indicated that the protein precipitated 


by gelatin has many odd properties such as destruction during aleohol fraction 
ation. Antisera prepared in both rabbits and guinea pigs against gelatin-anti 
gelatin specific precipitates reacted quite well with the original serum but not 
with any of the 10 fractions isolated by alcohol fractionation. 


port 


A complete re 
be 


may be quite 


of attempts to further characterize the antigelatin protein(s) will 


presented separately. It appears however, that this ‘‘antibody’’ 
different in its behavior from other antibodies and may account 


the atypical results discussed below. 


for some of 


TABLE I. Errect or Diet ON LEVELS OF ANTIBODIES TO GELATIN 


ANTIBODY NITROGEN 


SERUM 


TREATMENT 
Rat No gelatin source in 
Diet high in gelatin 
None 

Three months on diet 
Four months on diet 


Dog 


From the results, it is quite 


OF 
diet 


source 


ANIMALS PER ML. SERUM (mG) 
16.0 
19.2 
16.4 + 
14.5 + 


19.5 + 


without gelatin source 
high in gelatin source 


apparent that the type of diet given to the 


animals had little effect on the antibody level to gelatin in the various species 


studied (Table I). 


The antibody levels in the sera from infants who had 


not had gelatin in their diets (less than 6 months of age) were not significantly 
different from the older children or the normal adults (Table IT). 


The experiments with human sera obtained from individuals with rheuma- 
toid arthritis were undertaken to learn whether or not the antibodies to gelatin 
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might be related to pathologie changes in connective tissue. It was reasoned 
that if the collagen of an individual was altered significantly, by some means 
or another, so that it appeared foreign to the host, perhaps antibody could be 
formed against this material. If the antibody levels in the sera from the in- 
dividuals were either exceedingly high or low, it would have been possible to 
extend the hypothesis. However, from the data presented in Table III, it will 
be seen that there are no striking differences between the ‘‘collagen’’ disease 
group and normal students. The data do not necessarily negate the possibility 
that the material precipitated by gelatin is somehow involved in the metabolism 
of collagen or its breakdown product 


II. ANTIGELATIN LEVELS IN SERA FROM CHILDREN 


POO! INDIVIDUALS ANTIBODY NITROGEN 
NUMBER IN POOL PER ML. SERUM BG 


to 
to 3 vr. 
to 6 vr 
to 6 vr. 
5} to 8 yr. 
to vr. 
9 to 3 yr 


TABLE ITT. ANTIGELATIN LEVELS IN HUMAN SERA 


PERCENTAGE OF INDIVIDUALS HAVING STATED 
MICROGRAMS ANTIBODY N PER ML. SERUM 


GROUP 0 to 4.9 5.0 to 9.9 | 10.0 to 14.9 > 15.0 


Normals 113 23.9% 41.6% 20.4% 14.2% 
Rheumatoid arthritis 97 30.9% 12.4% 29.9% 26.8% 
Degenerative joint disease 6.9% 6.9% 34.5% 51.7% 
Gout 7 14.3% 28.6% 28.6% 28.6% 


Agammaglobulinemia 3 3.5)* 6.5 (10.2 


*Values in parentheses refer to absolute values of mik 


rograms antibody nitrogen per 
milliliter serum in the 3 agammaglobulinemia individuals 


Recent experiments with antigelatin sera’ have shown that particulate 


collagen will not remove these antibodies to gelatin. However, various soluble 
collagens react quite well with this material. Moreover, when collagen is treated 
with pepsin or collagenase, some of the material initially solubilized reacts with 
antigelatin sera quite well. It is worth while to reeall here the idea proposed 
by Grabar*® that some antibody molecules may not necessarily be functioning as 
part of a protective mechanism, but rather as a transporting system involved 
in carrying materials to sites for further metabolism. 

It is interesting to note that the individuals who had been diagnosed as 
having agammaglobulinemia had significant amounts of antibody detectable with 
gelatin. There are some possible explanations for these findings. It may be 
that the individuals were ‘‘hypoglobulinemies,’’ or that the mechanism involved 
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in the production of antibodies precipitated by gelatin is different from the 


‘‘normal’’ mechanism of antibody production. Moreover, it is not completely 


certain at present that only gamma globulin is precipitated by the gelatin. 


SUMMARY 


It has been demonstrated that the presence or absence of gelatin in the diets 
of dog, rat, and man do not affect the antibody level of gelatin in the sera. The 
analysis of human sera obtained from various sources could not establish the 


source of the antibodies to gelatin in human sera. 


[ wish to thank Drs. J. Warren and G. Rodman of the University of Pittsburgh, Falk 
Clinic, and Drs. H. Margolis and B. Stolzer for providing the various human sera and 
analyzing the case histories. The technical asistance of Mr, Trayon Onett is gratefully 


acknowledged. 
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DETERMINATION OF DIPHTHERIA AND TETANUS ANTITOXIN BY 
THE HEMAGGLUTINATION TEST IN COMPARISON WITH 
TESTS IN VIVO 
JosePpH H. Scuupert, Pu.D., ann Ricuarp G. CorNELL, PH.D., 
ATLANTA, GA. 

With THE TECHNICAL ASSISTANCE OF PAMELA PELTIER 


HE Schick test has long been considered as the proper method for determin- 

ing immunity in diphtheria. It is believed that a positive Schick reaction in- 
dicates lack of protection whereas the negative Schick test indicates sufficient 
protection. In spite of this, cases of diphtheria have oceurred in the Schick- 
negative individual. Barr and associates' found that correlation of the Schick 
reaction with the antitoxin titer varies in different people. Parish® stated that 
examination of blood samples for antitoxin and not the Schick test should be 
relied on in the study of immunization. The old established method for assay 
of diphtheria antitoxin which involves expensive animal work ean be replaced 
with the simpler hemagglutination test according to Fisher® and Landy and ¢o- 
workers. Both Fisher and Landy expressed their results on the basis of a 
linear relationship with the intradermal neutralization test in the rabbit. Schei- 
bel® stated that it is not advisable to convert hemagglutination serum titers to 
antitoxin units by means of a factor derived from the intracutaneous test be- 
cause the results will vary with the avidity of antitoxins and the concentration 
of toxin employed. 

In the present paper, hemagglutination titers were converted to antitoxin 
units by using a factor obtained with the standard antitoxin available from the 


National Institutes of Health. This method of conversion greatly simplified the 


determination of antitoxin. It was the purpose of this study to compare diph- 


theria and tetanus antitoxin levels obtained in this manner to antitoxin deter- 
minations made with the animal tests. The hemagglutination and the animal 


intradermal tests for diphtheria were also compared to the Schick test. 


MATERIALS AND METHODS 
Hemagglutination Procedure——The method deseribed by Stavitsky® was used with 
minor modifications. Solutions of pH 6.4 and 7.2 buffered saline were 


made with 0.075 
M NA,HPO, and 0.075 M KH,PO, in physiologic saline. The combined volume of NA,HPO, 
and KH,PO, necessary for pH 6.4 and 7,2 was diluted with an equal amount of physiologic 
saline. The 1 per cent rabbit serum diluent was preserved with 1:10,000 Merthiolate and 


made up in the pH 7.2 buffer instead of plain saline. A single volume of sensitized cells 
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was washed with 2 volumes of 1 per cent rabbit serum in pH 7.2 buffered saline diluent 
and resuspended in 2 volumes of the rabbit serum diluent. One-tenth milliliter of sensitized 
cells was added to 0.5 ml. amounts of twofold dilutions of the inactivated serum in the 
diluent, shaken for a few seconds, and incubated at room temperature for 3 to 4 hours. 


All sera were absorbed with sheep cells after inactivation. 


Antigen.—Sheep erythrocytes treated with tannie acid were sensitized with commercial 
concentrated toxoids obtained through the courtesy of Lederle Laboratories. The optimum 
dilution for sensitization was selected by means of a box titration with the standard anti 
toxin. Diphtheria toxoid of 1,040 Lf per milliliter containing 1,210 Lf per milligram 
of protein nitrogen and tetanus toxoid of 820 Lf per milliliter containing 1,325 Lf per milli 


gram of protein nitrogen were used at a 1:16 dilution. 


The Standard Antitowrin. Diphtheria antitoxin 6 units per milliliter, and tetanus 
antitoxin, 5 units per milliliter were obtained from the National Institutes of Health. Two 
fold dilutions were made in 0.5 ml. amounts starting with 0.6 and 0.5 unit per milliliter, 
respectively, of the two antitoxins. Using these twofold dilutions, the least amount of anti 
toxin in 0.5 ml. which reacted in the hemagglutination test was determined. The average 
amounts for 18 replications were 0.0006 unit of diphtheria and 0.0005 unit of tetanus anti 
toxin which were then multiplied by 2 to obtain a factor of 0.0012 and 0.0010 for diphtheria 
and tetanus antitoxin, respectively, per milliliter of serum. The antitoxin units per milli 
liter of unknown serum were found by multiplying the reciprocal of the hemagglutination 


titer by the appropriate standard antitoxin factor as given above. 


Test Sera.—Serum specimens were obtained from children of high school age upon 
whom Schick tests were performed after collecting blood.* Diphtheria antitoxin levels were 
determined in duplicate by both the hemagglutination and rabbit tests. The rabbit intra 
dermal test was performed according to the procedure of the Institute of Laboratories, Massa 
chusetts State Department of Public Health. Another group of sera was also tested by the 
hemagglutination test for tetanus antitoxin on which tetanus antitoxin titrations were pet 
formed in the mouse by the Massachusetts Department of Health Laboratories through the 
courtesy of Dr. Johanas Ipsen, Superintendent of the Institute of Laboratories. 

\ positive hemagglutination reaction was indicated by a smooth or rough edged mat of 
cells which coated the bottom of the tube. A negative reaction was recorded when the cells 
appeared in a ring on the bottom of the tube. Results were read without shaking after 3 
to 4 hours’ incubation of the test at room temperature. A cheek reading was made after 
storage of the test overnight in the refrigerator. Invariably, the two readings were in com 


plete agreement. 


RESULTS 


Duplicate hemagglutination tests for diphtheria were done on 148 sera. 


The numbers of units determined by the duplicate tests for each serum are 
represented by their geometrie mean in all the tabulations of results. Schick 
tests were also performed for 99 of these sera while intradermal animal tests 
were carried out with 124 of the sera. Both the Schick tests and the animal 
tests were done for 86 of the 148 sera. 

In Tables [A and IB, the hemagglutination and animal test units are tab- 
ulated as less than or greater than 0.01 unit and are compared with the Schick 
test results. An antitoxin level of 0.01 unit antitoxin shown by Parish? was 
used as the boundary between positive and negative determinations. All 17 of 
the animal tests on sera from Sechick-positive individuals (Table LA) gave nega- 
tive readings while 17 out of 18 (94 per cent) of the hemagglutination tests 


*Schick tests and bleedings were performed by Dr. Helen Moore of the Epidemiology 
Branch, Communicable Disease Center. 
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gave negative results with these sera. However, for the donors who were nega- 
tive by the Schick test (Table IB) only 32 out of 77 (42 per cent) are positive 
by the hemagglutination test while 52 out of 65 (80 per cent) are positive by the 
animal tests. There is also some indication that the animal tests yield higher 
determinations than the hemagglutination test since 27 Schick-negative sera 
were positive > 0.01 unit per milliliter) by the animal tests but negative 
(< 0.01 unit per milliliter) by the hemagglutination tests. However, 7 of the 
sera were on the borderline having 0.0096 unit per milliliter of antitoxin with 
the hemagglutination test. 


TaBLE IA. THE RELATIONSHIP OF SCHICK-POSITIVE INDIVIDUALS TO ANTITOXIN UNITS 
DETERMINED BY THE INTRADERMAL AND HEMAGGLUTINATION TESTS 


ANIMAL TEST UNITS 


, 0.01 NOT DETERMINED 


UNITS 


> 0.01 


HEMAGGLUTINATION 
TEST 


Total 


TABLE IB THE RELATIONSHIP OF SCHICK-NEGATIVE INDIVIDUALS TO ANTITOXIN 


UNITS 
DETERMINED BY THE INTRADERMAL AND HEMAGGLUTINATION TESTS 


ANIMAL TEST UNITS 


> 0.01 NOT DETERMINED TOTAL” 


< 
4. 


t. 
7. 


< 0.01 


» 0.01 


TEST 


HEMAGGLI 


Total : 5 12 


*Four sera have been omitted from this table because duplicate 


animal tests were in 
conclusive at the 0.01 level 


‘7 of the 27 sera were on the border line, titering to 0.0096 


unit of antitoxin with the 
hemagglutination test 


TABLE Il. COMPARISON OF DIPHTHERIA ANTITOXIN UNITS AS DETERMINED BY 
HEMAGGLUTINATION AND RABBIT INTRADERMAL TESTS 


ANIMAL TEST UNITS 


0.003 0.03 0.10 


0.003 | ) 7 7 


0.01 1 4 


rOTAI 


UNITS 








TEST 





0.03 








0.10 





























HEMAGGLUTINATION 


Total 10 28 16 59 


Figures in italics indicate agreement between the 
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A more complete comparison of the hemagglutination and animal test re- 
sults for diphtheria antitoxin is afforded in Table II. The two tests gave results 
im the same intervals for 36 (29 per cent) of the 124 sera. The animal test 
tended to yield higher determinations for sera with small amounts of antitoxin 
while the hemagglutination test gave higher determinations for sera with larger 
amounts. The point where the relative degree of sensitivity of the two tests 
reversed was in the interval from 0.03 to 0.1. 
TABLE IIT. CoMPARISON OF TETANUS ANTITOXIN UNITS AS DETERMINED BY THE 
HEMAGGLUTINATION AND THE Mouse Tests 
ANIMAL TEST UNITS 


0.005 0.02 0.08 0.32 1.25 


0.005 | 25 4 l 





UNITS 








0.08 





TEST 


























HEMAGGLUTINATION 


320* 
Total 26 4 9 9 9 2) 


Figures in italics indicate agreement between the two tests 
*No hemagglutination test result exceeded 101 test units, 


TABLE IV. Repropucipiniry or Positive HEMAGGLUTINATION TITERS 


FOLD DIFFERENCES BETWEEN PAIRS 
4 


l 


FOR EACH PAIR 


TITER 


Low 


1:1,028 


Number of 
sera 


Per cent 


In Table III, the units of tetanus antitoxin as determined for 103 sera by 
the mouse test and by the hemagglutination test are compared. The sera were 
approximately 3 years old when tested. The hemagglutination results are 
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grouped in the same intervals as those reported for the animal tests. Only 50 
(49 per cent) of the sera yielded results which fall in corresponding intervals for 
the two tests. The animal test gave higher results with 14 (14 per cent) of the 
sera whereas the hemagglutination test was higher with 39 (38 per cent) of the 
remaining sera. 

Variations which can occur when hemagglutination results are not con- 
trolled or are recorded irrespective of the condition of the erythrocytes are 
shown in Table IV. These tests were performed in duplicate, approximately a 
month apart. 

Out of the 91 positive sera tested twice, 28 (31 per cent) gave identical re- 
sults, 36 (40 per cent) gave twofold differences, 12 (13 per cent) gave fourfold 
differences, and the remaining 15 sera were distributed as shown. The variation 
between duplicates was not associated with the level of antitoxin in the sera. 


DISCUSSION 


The data presented in this paper were obtained with coneentrated com- 
mereial toxoids which had been purified by ammonium sulphate precipitation. 
No attempt was made to correlate Lf per milligram of protein nitrogen as a 
means of selecting toxoids satisfactory for the test. Antigen was selected on the 
basis of maximum activity when dilutions of toxoid were tested with dilutions 
of standard antitoxin. Four diphtheria toxoids in the range of 920 to 1360 Lf 
per milliliter were found satisfactory and could be diluted to an optimum dilu- 
tion on the basis of reactivity with the standard antitoxin. 

In order to study the relationship of the results presented to those of Landy, 
in addition to converting the hemagglutination titers to units of antitoxin as 
deseribed earlier, the common logarithms of the hemagglutination titers were 
compared with the common logarithms of the animal test units. A correlation 
coefficient of 0.75 was computed as compared to 0.93 for Landy’s data. The slope 
of the linear regression of the log,) animal units on the log,, hemagglutination 
titer was 0.49. This was computed using Bartlett’s’ technique since there is 
comparable error in both variables. The corresponding slope calculated for 
Landy’s data is 1.28. However, 1.6 was the lowest dilution which Landy used. 
Also, most of Landy’s sera gave higher amounts of antitoxin by both methods 
than did those reported in this paper and the difference in the regression coefti- 
cients indicates again that the hemagglutination test is more sensitive than the 
animal test at high antitoxin levels but that the situation is reversed at low levels. 

Duplicate tests were run using erythrocytes from 5 different sheep. The 
standard antitoxin gave a hemagglutination titer with each sheep of 1:512 with 
only 1 tube difference above or below this titer. However data were shown in 
Table LV for the purpose of illustrating variations which can be observed. The 
hemagglutination test must be properly controlled with a standard serum. The 
continuous manipulation of the erythrocytes, such as tanning, sensitizing, and 


washing, are procedures which tend to lyse the cells and affeet the receptor sites, 


Varying results were also observed when the cells changed in fragility under 
storage conditions. 
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The intradermal test in rabbits compared better with the Schick test than 
did the hemagglutination test. Most of the diserepancies were with the Schick- 
negative individuals for which the hemagglutination test gave values of less 
than 0.01 unit per milliliter. However, as stated in our results, the hemaggluti- 
nation test was more sensitive than the animal test for sera above 0.1 unit per 
milliliter of antitoxin while the opposite is true of sera with less antitoxin. If 
various individuals were tested by the hemagglutination test and the rabbit in- 
tradermal test to determine protection in diphtheria, then a greater number 
would have less than 0.01 unit per milliliter of antitoxin with the hemaggultina- 
tion test. If titration of antitoxin in serum samples was used to indicate the 
need for immunization, then more people would require it on the basis of the 
hemagglutination test. This however, would oecur only at low antitoxin levels. 
The change in sensitivity of the intradermal test as compared to the hemag- 
glutination test shown in Tables III and IV may possibly be explained by ex- 
amining the animal test procedure. In the intradermal test for diphtheria, the 
centration of toxin, the incubation time, and the serum dilution interval are 
different for antitoxin levels below 0.1 unit as compared to levels above 0.1 unit. 
In the animal test for tetanus antitoxin, the serum dilution interval changes 
greatly above 1 unit of antitoxin. Compared to this, the hemagglutination pro- 
cedure does not vary with the level of antitoxin in the serum and the dilutions are 
made in regular twofold intervals. 


SUMMARY 

1. Hemagglutination tests were performed with tanned cells using diph- 
theria and tetanus toxoids as antigens. 

2. Tests were controlled with standard antitoxin and were not considered 
valid if lysis of cells developed during the procedure. 

3. Hemagglutination titers were converted to units of antitoxin by means 
of a factor derived from the national antitoxin standard for diphtheria and 
tetanus. 

4. Eighty per cent of the 65 Schick-negative sera had 0.01 unit per milliliter 
or more of antitoxin with the animal test. Only 42 per cent of 77 Schick-nega- 
tive sera had more than 0.01 unit per milliliter of antitoxin with the hemag- 
glutination test. With the exeeption of one serum, both the hemagglutination 
and the rabbit intradermal test showed less than 0.01 unit per milliliter of anti- 
toxin in sera from Schick-positive reactors. 

5. Sera with low amounts of diphtheria antitoxin yielded higher titers with 
the animal test than with the hemagglutination test, while sera with greater 
amounts of antitoxin (more than 0.03 to 0.1 unit) yielded higher hemaggluti- 
nation test results. 


6. The hemagglutination results for tetanus antitoxin resembled the results 


with diphtheria antitoxin. Fourteen per cent of the sera, mostly in the low 


levels, were higher with the animal test, whereas 38 per cent were higher with the 
hemagglutination test with sera above 1 unit of antitoxin. 
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THE EFFECT OF PROTAMINE ON THROMBOPLASTIN GENERATION 


Jacos N. SHANBERGE, M.D., ANGELA Baruas, B.A., AND ELLEN E. ReaGan, B.A. 
Boston AND West Roxsury, Mass. 


ROM the time Chargaff' discovered that protamine formed a complex with 

cephalin, thereby reducing its ability to activate blood clotting, it has been 
assumed and, in some ways, demonstrated that protamine owes part of its anti- 
coagulant properties to its action as an antithromboplastin. 

Shafrir and associates? were able to counteract the effects of intravenously 
injected thromboplastin in dogs by the use of protamine. Portmann and Holden‘ 
found that the anticoagulant effect of protamine, when present in whole blood 
in concentrations insufficient to cause complete inactivation of fibrinogen, is 
due to its interference with the conversion of prothrombin to thrombin, and 
that this antiprothrombie effect is not apparent in the presence of an excess of 
thromboplastin. Marbet and his co-workers* showed that protamine inhibited 
the clotting action of thromboplastin on reealcified plasma. 

De Vries and associates,’ while studying the action of certain basie poly- 
a-amino acids on blood clotting, found that the clot-retarding effect of poly- 
L-lysine, in the concentrations used, was not due to the inactivation of fibrinogen, 
nor to an inerease in antithrombie activity of the blood. In this respect poly-L- 
lysine resembled protamine. They demonstrated that the clot-retardation in- 
duced was accompanied by increased prothrombin levels in the serum of the 
slowly clotting blood. This, plus their findings that ineubation of thrombo- 
plastin with poly-L-lysine resulted in marked inactivation of the thromboplastic 
activity in the one-stage prothrombin time determination, led them to believe 
that the inhibition of thrombin formation by poly-t-lysine is due to its anti- 


thromboplastie action. They could not exclude, however, the possibility that 


poly-L-lysine, or protamine, might also exert an inhibitory action on the forma- 
tion of thromboplastin in shed blood. 

The following, therefore, are the results of a study of the effect of protamine 
on thromboplastic activity as produced in the thromboplastin generation test of 
Biggs and Douglas,’ as well as its effect on the individual components of the 
generation mixture. 


METHODS AND MATERIALS 


Venous blood from normal young men was obtained by a two-syringe technique using 
siliconized syringes and 18 gauge needles. 

This investigation was aided in part by U. S. Public Health Service Grant H-2963. 

From the Departments of Pathology, Harvard Medical School, 
Veterans Administration Hospital, West Roxbury, Mass. 


Received for publication May 5, 1958. 
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The blood obtained in the first syringe was put into a glass test tube and used in the 
preparation of serum. The clotted blood was allowed to 


remain in a 37° C. water bath for 
at least 2 hours before 


use, but preferably overnight. 
The blood obtained in subsequent syringes was put either into chilled siliconized centri 


fuge tubes containing 3.8 per cent sodium citrate, placed in an ice bath, and used in the 
suspensions and platelet-poor substrate plasma, or put into centrifuge 


tubes containing 0.1 M sodium oxalate and used ir 


preparation of platelet 


i the preparation of adsorbed plasma. 
Platelet Suspensions and Platelet-Poor Plasma,—Nine milliliters of venous blood was 


put into a chilled, siliconized centrifuge tube containing 1.0 ml. of 3.8 per cent sodium 


citrate and mixed well. The blood was cooled for 


10 minutes in a bath of melting ice and 
then spun in a refrigerated centrifuge at 


4° C. for 10 minutes at 1,500 r.pm. The super 
natant plasma was transferred with a siliconized pipette to another siliconized centrifuge 
tube and spun in the refrigerated centrifuge at 3,000 r.p.m. for 30 minutes. The supernatant 
plasma, to be used later as substrate plasma, was transferred to a siliconized test tube and 
placed in an ice bath. The remaining platelet button was broken up and washed in 2.0 ml. 
of cold saline, centrifuged for 10 minutes at 


3,000 r.p.m., the supernatant saline again being 
disearded. 


The platelets were now resuspended in saline of approximately one-third the 


volume of the original plasma, frozen, and stored at —20° C. until ready for use. The 


platelet suspensions were never used on the same day as prepared, 

{bsorbed Plasma.—Four and one-half milliliters of venous blood was put into 
centrifuge tube containing 0.5 ml. of 0.1 M sodium oxalate and mixed well. 
then centrifuged at 1,500 r.p.m. for 15 


a 
The blood was 
minutes. The supernatant plasma was adsorbed 
by mixing with barium sulfate, 75 mg 


. per 1 ml. of plasma, for 5 minutes in a 
bath. 


37° C. water 
The plasma was then centrifuged for 15 minutes at 


3,000 r.p.m., and the supernatant 
plasma was stored in an ice bath until ready for use. A one-stage prothrombin determination 


on this plasma yielded no clot in 10 minutes, 

Thromboplastin Generation Test.—In a test tube in a 
mixture was prepared consisting of 0.2 ml. of 
a 1:5 dilution of 


37° C. water bath, an incubation 
a 1:10 dilution of serum in saline, 0.2 ml. of 
saSO -adsorbed plasma in saline, and 0.2 ml. of platelet suspension, the 
platelets being added last. One minute after the addition of the platelets, 0.2 ml. of 0.2 


M CaCl, solution was added to the mixture. At intervals after the addition of the calcium, 


aliquots of the incubating mixture were removed and used as a source of ‘‘thromboplastin’’ 
in a one-stage prothrombin time determination on the platelet-poor, citrated plasma. To 
0.1 ml, of platelet-poor plasma, 0.1 ml. of 0.2 M CaCl, was added. This was immediately 
followed by 0.1 ml. of the generating mixture at whieh time a stop watch was started and 
the clotting time determined. By this method, 


an ‘‘optimum’’ clotting time of 7 to 9 
seconds was obtained after 3 minutes of 


incubation, 


Protamine.—Protamine sulfate powder." 


Heparin.—Heparin sodium 1,000 unitst—1,000 USP units (10 mg.) per milliliter. 


All protamine and heparin solutions were made in 0.85 per cent saline 


OBSERVATIONS 


A. Effect of Protamine on Thromboplastin Generation.—Fifty gamma of 
protamine (0.01 ml. of a 0.5 per cent solution) was added to the mixture prior 
to the inception of thromboplastin generation, i.e., before the addition of ecaleium, 


or during the ‘‘lag’’ phase of generation (Fig. 1). The inhibition of thrombo- 


plastin generation is quite striking until the point of ‘ 
substrate plasma is reached, 


‘optimal’’ clotting of the 
No significant difference was found in the initial 
curve if protamine were added first to the adsorbed plasma, serum, or platelets, 


*Delta Chemical Works, Inc., New York, N. Y. 
‘The Upjohn Company, Kalamazoo, Mich. 
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before the addition of the other components of the generation mixture. How 
ever, if the protamine were incubated with the adsorbed plasma at 37° C. for 
30 minutes, there was some loss in its effectiveness. They may be accounted for 
by the protaminolytie activity of plasma deseribed by Fant] and Everard. 
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1 The effect of protamine when added to the mixture before the onset of thromboplastin 
generation or during the “lag phase of generation 
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Fig. 2.—The effect of protamine when added to the generation mixture after “optimal” throm- 
boplastic activity is reached. 


The concentration of protamine used was found to be the minimal amount 
needed to produce a decided effect on thromboplastin generation. 
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If the protamine were added to the generation mixture at any time after 
‘‘optimal’’ thromboplastie activity was reached, its inhibitory effect was much 
less than when it was added prior to this point (Fig. 2). In this respect, the 
action of protamine is quite similar to that reported for heparin.* ° 

The inhibitory action of protamine is not due to its being carried over to 
the one-stage prothrombin time determination phase, inasmuch as the presence 
of protamine in each of the substrate tubes, in amounts as high as 25 gamma, 
had no influence on the normal curve of thromboplastin generation. 
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Fig. 3 The effect of varying the concentrations of serum or adsorbed plasma on the 
protamine-inhibition of thromboplastin generation. At the right of the graph are the recipro- 
cals of the plasma and serum dilutions 

To determine which constituent of the generation mixture was being affected 
by the protamine, the concentrations of adsorbed plasma and serum were varied 
(Fig. 3). Inereasing the concentration of adsorbed plasma had no influence on 
the inhibitory effeet of protamine. This was also found to be true when the 
number of platelets was inereased as much as fourfold. However, increasing 
the concentration of serum counteracted the effeet of protamine. When the 
normal serum was replaced by full-strength serum from an individual with a 
congenital deficiency of PTC (plasma thromboplastin component,'’® Christmas 
factor," factor IX"), this correction either did not oceur or varied according 
to the severity of the PTC deficiency. 

If the adsorbed plasma is omitted from the generation mixture in the 
normal test, there is a decrease in the amount but not the rate of thromboplastin 
generated (Fig. 4). If platelets are omitted from the mixture, there is not 


only a decrease in the amount generated but a marked increase in the ‘‘lag’ 


phase. In both instances, however, an appreciable amount of thromboplastic 
activity is produced. On the other hand, if serum is omitted from the mixture, 
an almost negligible, though measurable amount of activity is derived. In each 
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ease, 0.2 ml. of 0.85 per cent saline was substituted for the omitted component 
in the mixture. These results are similar to those obtained by Miale and 
Wilson.** 
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Fig. 4 The effect of omitting one of the components of the mixture on thromboplastin genera 
tion with or without the addition of protamine. 


If, now, protamine were added to the mixture devoid of adsorbed plasma, the 
curve obtained was similar to that when the plasma was present. When prota- 
mine was added to the mixture in which either platelets or serum were absent, 
or in which barium sulfate adsorbed serum was substituted for normal serum, 
the curve obtained was similar to that originally produced when only serum was 
deleted. In the test in which platelets were absent, the inhibitory effect of 
protamine could be counteracted again by increasing the concentration of serum. 
When cephalin, prepared according to the method of Bell and Alton,'* was 
substituted for platelets, no significant difference in any of the curves was noted. 

When a generation mixture was prepared from which serum was omitted 
without the substitution of saline for the serum (total volume being 0.6 ml.), 
the curve obtained was the same as that in which saline was included. After 3 
minutes of ineubation, the addition of 0.2 ml. of a 1:10 dilution of normal serum 
to this mixture completely corrected thromboplastie activity. If protamine were 
added initially to the above mixture, the effect produced was the same as that 
deseribed before. After 3 minutes of incubation, the addition of 0.2 ml. of full- 
strength normal serum to the protamine-inhibited mixture once again corrected 
thromboplastie activity, whereas the addition of full-strength PTC-deficient 
serum or a 1:10 dilution of normal serum did not. 


Effect of Heparin on the Protamine Inhibition of Plasma Thromboplastin. 
If various dilutions of heparin are combined with the protamine before it is 
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The effect of adding a fixed amount of protamine combined with various dilutions of 
heparin to the mixture 3 minutes after the addition of calcium. 
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added to the generation mixture, either before generation is begun (Fig. 5) 
or after 3 minutes of incubation (Fig. 6), an equivalence point is reached at 
which the inhibitory effect of protamine on thromboplastin generation is neu 
tralized. To eliminate the result of cross dilution, equal parts of the heparin 
solutions and a 1 per cent solution of protamine were mixed; from this mixture 
0.01 ml., containing 50 gamma of protamine, was transferred to the generation 
mixture. The dilutions of heparin listed in Figs. 5 and 6 are the final dilutions 
of heparin present in the 0.01 ml. The 1:4 dilution represents 25 


gamma of 
heparin. On the side of the equivalence point where an excess of heparin was 
present, no clot was obtained in over 3 minutes. 
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Fig. 7.—The effect of adding various dilutions of heparin to a generation mixture already 
inhibited by a fixed amount of protamine put in before the inception of generation. The hepa 
rin was added 3 minutes after the calcium. 


When, after 3 minutes of incubation, the same dilutions of heparin were 
added to the generation mixture which already contained 50 gamma of prota- 
mine, a tendency toward neutralization again oceurred, but complete correction 


of thromboplastie activity was not accomplished (Fig. 7). It should be noted 
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that the dilution of heparin which most closely neutralized the protamine effect 
is one-half that needed when combined with the protamine before addition to 
the generation mixture. 

If the 50 gamma of protamine were added to the generation mixture after 
3 minutes of incubation and the heparin one minute later, the thromboplastic 
activity was completely corrected with 12.5 gamma of heparin (Fig. 8). Again, 
it may be pointed out that the amount of heparin needed to counteract the 
protamine is one-half that needed when combined with the protamine before 
addition to the generation mixture. 
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Fig. 8 The effect of adding various dilutions of heparin to a generation mixture already 
inhibited by a fixed amount of protamine put in 3 minutes after the addition of calcium The 
heparin was added one minute after the protamine. 


DISCUSSION 
Although protamine has been shown to be a ‘‘coagulant’’ by its ‘‘fibrino- 
plastie’’ properties in the conversion by thrombin of fibrinogen to fibrin,?® and 
by its antagonism to heparin, its action, both in vivo and in vitro, is principally 
that of an anticoagulant. This latter observation was first made by Thompson"® 
and reported in greater detail by Waldschmidt-Leitz and associates,’’ Chargaff,’ 


and Ferguson.’® Part of the clot-inhibiting action of protamine has been thought 
to be due to fibrinogen precipitation’® or inactivation.’ In addition, it has been 
shown that, by being antithromboplastic, protamine appears to be antiprothrom- 
bie by interfering with the conversion of prothrombin to thrombin.* ® * ** 
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The results presented here would indicate that protamine delays the con- 
version of prothrombin to thrombin by inhibiting the formation of ‘‘thrombo- 
plastin.’’ In this, its effect is more against the generation of thromboplastic 
activity than against ‘‘formed thromboplastin.’’® Thromboplastie activity is 
not destroyed, inasmuch as the inhibiting action of protamine can be reversed 
by heparin. 

The inhibitory action of protamine in the thromboplastin generation mixture 
has been shown to be greater toward the serum component, which contains PTC 
and factor VII, than toward the adsorbed plasma, which contains AHF and 
factor V, or platelets. The protamine effect can be prevented by increasing 
the concentration of serum in the generation mixture but not by increasing the 
amount of adsorbed plasma or platelets. It can also be overcome by the addition 
of serum to a generation mixture already inhibited by protamine. More spe- 
cifically, it appears to be the PTC activity with which protamine interferes, 
since substituting serum from an individual with a congenital PTC-deficiency 
either does not produce any correction or reacts in inverse proportion to the 
severity of the deficiency. 

Just how protamine interferes with PTC activity is not known. Whether 
protamine, with its strong positive charge, forms some loose association with 
the radical or end-group responsible for PTC activity, and whether this associa- 
tion is broken by protamine’s greater affinity for heparin, is still in the realm 
of speculation. Also unanswered is the question of why less heparin is needed 
to correct protamine-inhibited thromboplastin generation than is required when 
the two are combined before being added to the generation mixture. This latter 
disparity may possibly explain the difficulties sometimes encountered in de- 
termining the amount of protamine necessary for in vivo neutralization of 
heparin by in vitro techniques. 


SUMMARY 


1. Protamine sulfate markedly inhibits the formation of plasma thrombo- 
plastic activity as measured in the thromboplastin generation test of Biggs and 
Douglas. 

2. Protamine has less effect on ‘‘formed thromboplastin’’ after the point 
of optimum generation. 

3. The inhibition of thromboplastin generation by protamine appears to be 
due to interference with PTC activity. 

4. The inhibition of thromboplastie activity by protamine can be counter- 
acted by heparin. 


5. Twice as much heparin is required to neutralize the protamine effect 


before generation is started than is required to correet thromboplastie activity 


after generation is begun in the presence of protamine. 
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ADDENDUM 


Subsequent to submission of this article for publication, Houghie (Proce. Soc. Exper. Biol. 


& Med. 98: 130-133, 1958) reported experiments with protamine sulfate similar to ours. The 
concentrations of protamine which he found necessary to inhibit thromboplastic activity were 
identical. However, he came to no definite conclusion as to how protamine affected thrombo 


plastin generation. 








LABORATORY METHODS 


THE SIMULTANEOUS DETERMINATION OF Cr® AND TP 
ACTIVITIES IN DOUBLY LABELED BLOOD 
Ratepw Apams, B.A., Ivor ©. Woopwarp, M.A., Minton G. Crane, M.D., anp 
Joun E. Hotitoway, M.D. 
Los ANGELES, CALIF. 


OR the measurement of the comparative flow rates of red cells and plasma, 
Fin authors selected Cr®' to tag the cells because of the ease with which the 
labeling can be achieved and I'*' to label the plasma because of the availability 
of RISA. Unfortunately, the choice of these two isotopes imposes a nice prob- 
lem in their simultaneous measurement because of the proximity of their prin- 
cipal gamma energies at 0.32 and 0.364 Mev., respectively. The problem was 
further complicated in this study by the necessity for continuous sampling 
and recording a statistically accurate count each second. 

Several methods for the simultaneous measurement of multiple isotopes 
have been developed by other investigators. 

Hine and associates' have employed pulse height discrimination to measure 
Cr*' + Fe®* mixed sources. They counted the energy of both isotopes at a dis- 
criminator reading of 15, and only that of Fe®® at a setting of 40. With a 
pure Fe®* souree they measured counting rates at both discriminator settings in 
order to correct for the Fe activity in mixed samples. This method has been 
independently developed by Lough and Hertsch* who checked the accuracy of 
the method by the assay of prepared Cr** + Fe®® sources. 

Kohl and co-workers* have employed a stepping single channel analyzer 
or a 5 channel analyzer for the simultaneous measurement of Ce'*, Cr°', and 
Se.” These 3 isotopes, with widely separated gamma energies, were counted 
on essentially 3 channels, with counting rates on each channel substituted into 
3 simultaneous equations. The method is in some respects similar to ours. 

Lilienfield and associates have measured I'*' and Cr™ activity in whole 
blood by a differential decay technique but have found the method impractical 


because of the necessary 40-day delay.‘ They usually separated and washed the 


cells before counting.® 
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Francis and co-workers’ have deseribed a method of using their medical 
spectrometer for the assay of mixed Cr®! + I*** sources. In this method a ehan- 
nel was set up with the spectrometer to include both the 0.32 Mev. photopeak 
of Cr®' and the 0.364 Mev. photopeak of I'*'. The spectrometer was then read- 
justed to include only the 0.64 and 0.72 Mev. radiation from [’**. When 
1 


mixed Cr®! + I'*' samples were counted the higher energy activity was em- 


ployed to correct for the I'*' activity measured at the lower energy. This 


‘ eounting rates 


method introduced some statistical inaccuracy because the [' 
at the higher energy were reported to be only 5.2 per cent of those measured 
on the lower. The advantage of this method over any attempt to separate the 
0.32 and 0.364 Mev. photopeaks was that it imposed much less demand upon the 


stability of the instruments. 
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Instrumentation for sampling and counting doubly labeled blood 


METHODS 


Instrumentation and Method.—Mixed Cr51 + 1151 sources were measured simultaneously 
on separate channels by the authors with a scintillation counter, the pulses from which were 
fed through a linear pulse amplifier to two differential pulse height analyzers in parallel 
(Fig. 1). The analyzers were of a precision type designed by Francis.? 

In the scintillation counter a gamma ray photon absorbed by the crystal produces a 
fluorescent blue flash in the erystal. This light is detected by a photomultiplier tube, where 
it produces a small voltage pulse. If the entire energy of the gamma photon is absorbed 
by the crystal, the height of the pulse is characteristic of the photon energy. A conventional 
scintillation counter amplifies the multiplier tube pulses and records all pulses with suf 
ficient height to cross a voltage gate imposed to reduced noise. A differential pulse height 
analyzer provides two such gates separated by an adjustable voltage increment and_ will 
record only those pulses which cross the lower gate, but do not cross the upper one. The 
lower gate of this instrument is adjustable from 0 to +100 volts by means of a helical 
potential divider (E). The inerement between gates is adjustable from 0 to 5 volts with a 
similar divider (A E). The spectral distribution of a gamma source is determined with 
a narrow fixed 4 E by measuring counting rates for various E values. In addition to 
measuring spectral distribution, the analyzer can be employed with a wider A E for the 
measurement of any portion of the spectrum desired. 
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The spectra of Cr51 and 1131, each obtained with a 3 inch sodium iodide well erystal, 
are shown in Fig. 2. Fig. 3 shows a portion of the same curves replotted on rectlinear 
coordinates. Although overlapping of the two photopeaks prevented complete separation 
of the chromium and iodine activities, a satisfactory degree of separation was obtained 


by an appropriate choice of channel positions and widths. 
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Fig. 2 Spectra of Cr and I™ obtained from 3 inch Nal well crystal 


For convenience the gain was adjusted so that the 0.32 Mev. of Cr5! corresponded to 
32 volts pulse height at the analyzer. The channel for chromium was centered slightly toward 
the low energy side of the photopeak and occupied the region under the curve between 30.7 
and 32.7 volts. On the second analyzer the channel was shifted toward the high energy 
side of the iodine photopeak approximately from 34.5 to 39.5 volts. 

On each channel the counting rate is proportional to the area under the curve lying 
between the channel boundaries. In Fig. 4 the Cr51 activity is proportional to the area R,. 
The chromium activity also contributes a counting rate to Channel 2 proportional to the 
area K,R,. Similarly, a pure I'51 source produces a counting rate on Channel 2 propor 
tional to the area R, of Fig. 5. It also contributes a counting rate to Channel 1 propor 
tional to area K,R,. 


With a mixed Cr5t + 1191 source the total counting rate on Channel 1 is proportional 


to the area R, contributed from Cr51 plus the superimposed area K,R, contributed from 
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131, The counting rate on Channel 2 is proportional to the area R,, from 1151, plus the 


superimposed area K,R, from Cr.51 These relationships are shown algebraically: 


R, Cr51 activity appearing on Channel 1 
KR, 1131 activity appearing on Channel 1 
R 1131 aetivity appearing on Channel 
K,R, ‘r5! activity appearing on Channel 


then \ 
A, R, + K,R, total activity counted on Channel 1 
and 


A R, + K,R, total activity counted on Channel 2 
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Relative response of the channels to an I source 


Two CHANNEL COUNTING OF MIxeD CR51 AND 1151 SoukcEs 


CHANNEL 1 CHANNEL 2 
(E 30.8 v. AE a: ¥. (E 35.2 v. A E 5 V. 
BACKGROUND 0.3.) BACKGROUND 0.5) 
A, 
TIME TIME (NET 
COUNTS | (SEC. ) -P.8. .P.8. COUNTS | (BEC. ) .P.8. C.P.5. ) K 
12,800 21.7 5f 1,280 28.8 44. 44.0 . 0.0745 
1,280 36.6 34. 12,800 26.5 488 < 0.071 
3,200 49.3 3,200 ; 56. 55. 
6,400 20.1 6,400 . 2 264 
12.800 21.0 12,800 53° 532 
25,600 21.2 25,600 1,060 1,060 
5 25,600 21.5 21. 600 600 
Cr51 Std. 12,800 22.3 57: 57: si 7. 46.9 46. " 0.081 
1131 Std. 1,280 36.1 35. 3! ‘ 26. 469 469 0.075 
0.9942 Gm. Cr518td.: Average A, 58 Average . 0.078 
0.9655 Gm. 1131 Std.: Average A, 47 Average 0.073 
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A, K,A, , rly. B A, K,A, 
i K.K, and, simularly, i KK, . 
The K, constant was obtained by placing a pure chromium source in the scintillation 


It can be shown that R, 


counter and dividing the counting rate on Channel 2 by that of Channel 1. Similarly K, 
was measured with a pure iodine source by dividing the counting rate of Channel 1 by 
that of Channel 2. In our experience the K values were usually held between 0.06 to 0.08 
by careful adjustment of channel positions. Since the product K,K, is less than 0.01, the 
denominator in the above equations may be considered unity. Therefore, R, ~ A, K,A, 
and R, — A, K,A,. 

Assay Proceduwre.—After the two channels had been adjusted, a mixed Cr5t + [151 un 
known sample was assayed as follows. The constants K, and K, were evaluated by counting 
a pure Cr51 source and then a pure [151 source, each on both channels. The unknown sample 
was counted on both channels to evaluate A, and A,. The desired unknown activities, R, 
and R,, were obtained from the above equations. These activities were then compared with 
radiochemically pure Cr51 and [131 standards. 

Validity of the Method.—The authors evaluated the accuracy of the method by the 
assay of mixed Cr51 + [131 sources prepared gravimetrically. The results of this study are 
presented in the tables. 

In the following example, calculation of the unknown Cr51 activity of mixed Cr 
Source 1 of Table I is shown: 

R, A, K,A, 64.7 0.073 55.5 60.6 ¢.p.s. 
This activity is then compared with the Cr5) standard: 
60.6 
Mass Cr51 solution 0.9942 Gm. - 0.1037 Gm. 
581 
Results of similar determinations of the five Cr51 + 1131 mixed solutions are shown in Table TT. 


TABLE Il. DeTeERMINING Source STRENGTHS IN CR5! AND [131 MIXTURES 


MASS CR5! SOLUTION 


MIXED . K,A, , CALCULATED | GRAVIMETRI PER CENT 
SOURCE -P.S. (C.P.8. ) PS GM, GM. ERROR 


Crst Strengths 
64.7 4.1 6 0.1037 0.1009 +2.8 
317 19 0.510 0.5000 +2.0 
610 3$ 5 0.978 0.9957 1.8 
1,210 ,133 1.938 2.0097 3.6 
1,190 . j 1.962 2.0213 2.9 
MASS I1!51 SOLUTION 


MIXED CALCULATED | GRAVIMETRIC PER CENT 
SOURCE PS. ( ; -P.S. GM, (GM, ERROR 


Strengths 


l 55.5 50.5 0.1020 0.1008 
2 264 2! 239 0.481 0.4940 
532 184 0.977 0.9885 

1,060 966 1.950 1.9911 

600 507 1.021 1.0052 


DISCUSSION 


The degree of channel separation obtainable is limited by the width of the 
photopeaks. With the instrumentation employed by the authors the half 
width at 0.32 Mev. was about 11 per cent and decreasing to 8.3 per cent at 
0.64 Mev. In our experience a conventional well crystal of 134 inch diameter 
was unsatisfactory, giving half widths of the order of 30 per cent. 

Usually the two analyzers are not exactly in calibration with each other. 
Moreover slight drifts in amplifier gain, high voltage supply, and photomulti- 


plier tube performance cause the channels to deviate somewhat from optimum 








760 ADAMS, WOODWARD, CRANE, AND HOLLOWAY J. Lab. & Clin. Med 


vernber, 1958 


conditions. As a result the constants K, and K, 


are subject to fluctuation. 
Typical variation of the K’s with tube voltage is shown in Fig. 6. In order 
to correct for such drifts the instrument was frequently realigned against a 
pure Cr* source. Minute drifts in gain were usually corrected by a change 
of 1 volt or less in the high voltage supply. 
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Fig. 6.—-Variation of the cross-channel contribution constants with photomultiplier tube voltage 


TABLE IIT. Twenty CONSECUTIVE DETERMINATIONS OF 10 Mixep Cr51 + [151 Sources 


MASS Cr5l SOLUTION MASS I!31 SOLUTION 
MIXED CALCULATED GRAVIMETRIC PER CENT | CALCULATED GRAVIMETRIK 
SOURCE (GM. ) (GM. ) ERROR (GM, ) (GM.) 


0.1021 0.1009 +18 0.104 0.1008 
0.507 0.5000 eh. 0.490 0.4940 
0.980 0.9957 6 0.976 0.9885 
1.88 2 0097 4.5 1.914 1.9911 
1.93 2.0213 —4.f 0.994 1.0052 
0.993 1.0002 ‘ 1.942 1.9830 
0.980 1.0019 2.5 .202 0.1997 
0.198 0.1970 +0. 016 1.0034 
0.191 0.1935 -Lé A476 0.4880 
0.490 0.4989 —1.8 200 0.1995 


0.103 0.1009 4 1014 0.1008 
0.508 0.5000 6 480 0.4940 
0.975 0.9957 -2. 974 0.9885 
1.925 2.0097 : .940 1.9911 
1.955 2.0213 —3.: .022 1.0052 
0.979 1.0002 2. 974 1.9830 
0.985 1.0019 : 206 0.1997 
0.1925 0.1970 2.2 .060 1.0034 
0.1910 0.1935 -L. 0.486 0.4880 
0.500 0.4989 +25 0.195 0.1995 
Average ‘ Average 

S.D. / S.D. 


Two channel counting of Cr*' + I'** has also been carried out with only 
one analyzer, employing the pulse height discriminator cireuit of the linear 
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pulse amplifier for the I'** channel. However, the background was increased 
tenfold. 


We have employed the same general method for assay of the combinations 
K*? + 1", Fe’ + 1’, and Br** + I'". With the wider separation of the gamma 
energies present in these pairs the procedure was relatively simple. It was 


found advantageous to employ integral counting for energies above 1 Mev. By 
the use of two analyzers and the pulse height discrimination cireuit of the 
amplifier three channels can be adjusted for counting 3 isotopes simultaneously. 

This method of two channel counting has proved useful in blood circulation 
studies where continuous sampling of rapidly fluctuating activity makes other 
methods impractical or statistically inaccurate. The application of the method 
to the measurement of the relative flow rates of red cells and plasma in the 
dog will be reported in the future.‘ 

The pip interval method of recording these rapidly changing counting rates 
has been developed and previously reported by the authors.® 


SUMMARY 


A method is presented for the simultaneous counting of Cr°' and ['** by 
scintillation counter and two differential pulse height analyzers for use in the 
measurement of doubly labeled whole blood. The accuracy of the method has 
been evaluated by the assay of mixed Cr*' + I'*' samples prepared gravimetri- 
cally. 

The method can be applied to other pairs of gamma emitting isotopes with 
sufficient difference in gamma energies for separate counting. 
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A SPECTROPHOTOMETRIC METHOD FOR THE DETERMINATION OF 
EVANS BLUE DYE IN THE PRESENCE OF HEMOLYSIS AND 
TURBIDITY 


Lyte H. Hamivron, Pu.D. 
MILWAUKEE, WIs. 


5 fe E spectrophotometrie determination of Evans blue dye (T-1824) in plasma 
is affected by the presence of hemolysis and lipemia. Even small amounts 
of hemoglobin and slight degrees of turbidity may result in significant errors 
in the determination. The precise determination of T-1824 in such samples 
may be aecomplished by extracting the dye from the plasma.’* However, ex- 
traction procedures are time consuming and may introduce errors due to addi- 
tional technical manipulation. Thus, a method which permits an accurate 
measurement of T-1824 concentration in the presence of hemolysis and lipemia 
would be superior to those requiring extraction of the dye. A number of 
equations for the correction of optical density due to interference from hemo 
globin and/or turbidity have been reported.*? However, their complexity limits 
their usefulness for routine procedures employing Evans blue dye. The 
method deseribed in this report utilizes a simple equation to eliminate interfer- 
ence from hemoglobin and turbidity in samples of plasma or serum containing 
Evans blue dye. 


METHODS 


Absorption spectra were determined with a Beckman DK-2 recording spectrophotometer. 
A constant sensitivity of 0.12 was used in all cases, allowing the slit width to vary with 
the wave length. Optical density (negative logarithm of the transmittance) was recorded 
with a setting of 0 to 1.0 or 1.0 to 2.0 for full-scale deflection and with a scanning time of 
either 2 or 5 minutes. Optical density readings were estimated to the nearest 0.001 unit. 
Silica absorption cells were used for all determinations. The lead sulfide photo-cell was 
used through the wave length range of 500 to 1,000 mu. In determinations of the absorption 
spectra between 400 and 500 my, the photomultiplier cell was employed. 

The absorption spectrum of T-1824 was determined in plasma. Samples of human 
plasma were diluted 1:4 with 0.9 per cent NaCl. One aliquot was used for the reference 
and powdered T-1824 was added to another aliquot for the dyed sample. The absorption 
spectrum of human hemoglobin was determined in plasma prepared in the same way. The 
hemoglobin solution was prepared by freezing and thawing whole blood. Following centrif 
ugation the supernatant was diluted 1:4 with 0.9 per cent NaCl. 

The absorption spectrum due to turbidity was recorded by using clear plasma as free 


of hemoglobin as possible for the reference and turbid plasma, also ‘‘hemoglobin-free,’’ 


for the sample. Although neither the clear plasma used as the reference nor the turbid 
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plasma used as the sample was completely free of hemoglobin, the concentrations of 
hemoglobin were the same in both so that the absorption due to hemoglobin was canceled 
out. The absence of peaks at 415, 545, and 580 my in the turbidity curve was considered 
to be adequate evidence that hemoglobin did not contribute to the absorption spectrum due 
to turbidity. In a further attempt to establish the absorption pattern due to turbidity, 
spectra were recorded using normal saline as the reference instead of clear plasma. Hemo 
globin was added to the saline in amounts just sufficient to eliminate the absorption peaks 
at 415, 545, and 580 mu. The absorption spectra obtained by this technique were identical 
with those obtained when clear plasma was used as the reference. 

On the basis of these methods an equation was derived to correct optical density read 
ings for interference due to hemoglobin and turbidity in the measurement of T-1824. 
Varying amounts of T-1824 were added to plasma or serum and the optical density due 
only to T-1824 was determined with an aliquot of the undyed plasma or serum serving as 
the reference. The record obtained when either water or a clear serum sample was used as 
the reference permitted the correction to be determined for hemoglobin and/or turbidity 
in the dyved-plasma or serum sample. An analysis of the accuracy and the reliability of 


the method was made by comparing the two records from over 30 plasma or serum samples. 


RESULTS 

The peak optical density of T-1824 was found to be at 625 my (Fig. 1, E). 
Oxvhemoglobin demonstrated absorption peaks at approximately 415, 545, 
580, and 905 mp (Fig. 1, H). The absorption due to serum turbidity gradually 
decreased as the wave length was increased from 550 to over 1,000 my (Fig. 
1, T). For any solution which follows Beer’s law, there is a constant ratio for 
light absorption at two wave lengths, and this ratio is independent of coneen- 
tration within wide limits. The form of the hemoglobin and turbidity eurves 
suggested that the same ratio for hemoglobin and for turbidity could be ob- 
tained with an infinite number of pairs of wave lengths within the range of 
about 600 to 900 mp. One wave length of a pair was chosen to be 625 mp in 
order to coincide with the peak absorption of T-1824. By inspection and empiri- 
cal calculations it was found that 740 my was the other wave length which 
gave the same ratios for hemoglobin and turbidity. Accordingly, the ratio of 
optical density at 625 mp (Dees) over optical density at 740 mp (Dz) was 
ealeulated for 15 hemoglobin absorption curves and 6 turbidity absorption 
curves. For hemoglobin the ratio Dgos/Dz49 was 1.790 + 0.103, and for turbidity 
it was 1.800 + 0.101.. The mean ratio for all the determinations was 1.793 + 
0.100. Varying the serum or plasma dilutions with saline from 1:2 to 1:8 did 
not alter the Dyos/Dz49 ratio for either hemoglobin or turbidity. 

Because T-1824 had no measurable absorption at 740 mp with the spectro- 
photometer setting used in this study, the optical density at 740 mu in a sample 
containing T-1824 was due only to hemoglobin and/or turbidity. Sinee the 
mean Dgo5/Dzy ratio was 1.793 for hemoglobin and turbidity, the following 
equation was formulated to correet for these interfering substances in T-1824 
determinations in serum or plasma: 


corrected D,.; — observed Dy. 1.793 Dese 


This equation was applied to samples of serum or plasma to which vary- 


ing amounts of T-1824 were added. Fig. 2 presents absorption spectra for 
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765 
samples with interference due primarily to turbidity, and Fig. 3 for samples 
with interference due primarily to hemoglobin. The optical density at 625 and 


740 mp for hemolyzed and turbid sera are presented for 10 representative 
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Fig. 3 Absorption spectra demonstrating the effect « hemoglobin on the absorption 
curve for T-1824 The lower curve (E) is from T-1824 1 clear hemolyzed plasma with an 
aliquot of that plasma as the reference The upper curve (FE + H) is from the same T-1824 
sample with water as the reference 


TABLE I. CorrecTED OpTicAL DENSITY VALUES FOR EVANS BLUE Dyke IN HEMOLYZED AND 
LIPEMICc SERA. VALUES ARE COMPARED WITH THE OpTicaAL Densitry DuE ONLY TO 
T-1824. ERROR IS EXPRESSED IN OptTicaAL Densiry UNITS 


Lb, DUE 
SAMPLE OBSERVED OBSERVED CORRECTED ONLY TO 


NUMBER Des Deseo Des r-1824 ERROR 
1.255 0.130 1.022 025 003 

0.553 0.021 0.515 51 +0003 

0.636 0.043 0.559 553 +0.006 

0.625 0.041 0.552 555 .003 

0.586 0.046 0.504 503 +0.001 

0.297 0.013 0.274 276 002 

0.370 0.053 0.275 7 +0.005 

0.616 0.007 0.603 0.605 .002 

0.439 0.081 0.294 0.291 +0.003 
10 0.322 0.020 0.286 0.284 0.002 


samples in Table I. The corrected Dyss is compared with the D, of the sample 
due only to T-1824, as determined by using an aliquot of the undyed serum or 
plasma as the reference. This tabulation demonstrates the magnitude of the 


Deos error which may result from interference by hemoglobin and turbidity if 
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it is uncorrected, and also shows the reliability of the equation used to correct 
for such interference. The error between the corrected Dgo; and the D,.; due 
only to T-1824 was 0.003 + 0.001 optical density unit in a series of 22 con- 
secutive determinations in which the D,., due to T-1824 varied from 1.025 to 
0.270. 

For 10 samples of T-1824 in serum, two recordings were made with each 
sample; water was used as the reference in one recording and clear serum as 
the reference in the other. The difference in the corrected Dy.; between the 
two determinations was 0.003 + 0.002 optical density unit. Therefore, the same 
equation ean be used to correct for interfering light absorption when either 
water or clear serum is used as the reference. 


DISCUSSION 


Spectrophotometrie methods for the determination of T-1824 in the presence 
of interfering substances have been previously described. One such method has 
been reported by Davis and Isenberg* but it requires optical density readings 
at 3 wave lengths and the application of a complicated equation. Caster and 
associates® have eliminated the interference due to lipemia by the use of zephiran 
chloride, but their equation for the hemoglobin interference still remains rela 
tively complex. More simple equations have been proposed®* but they correet 
only for interference due to hemoglobin. The technique described here takes 
advantage of the fact that the ratio Dgs;/Dz40 is the same for hemoglobin and 
for plasma or serum turbidity. The fact that T-1824 does not absorb light at 
740 mp permits the formulation of a more simple equation. The wave lengths 
at which the ratio for hemoglobin and turbidity are the same will vary with 
slit width or sensitivity and should be determined for the spectrophotometer to 
be used. Likewise, the value of the ratio may be slightly different for each 
instrument. 

The greater optical density of turbid plasma at lower wave lengths results 
from inereased scattering of light by minute particles at these lower wave 
lengths. Plasma turbidity due to lipemia is produced by such minute particles. 
Below about 550 my there were variations in the absorption pattern for dif- 
ferent plasma samples despite the fact that the effect of hemoglobin absorption 
was canceled out. This was presumably due to bilirubin or other colored mate 
rials which were present in the samples. However, such materials had no meas- 
urable effect on the plasma turbidity curve in the region above 550 mau. 

Since the same equation is applicable with either water or undyed plasma 
or serum as the reference, a pre-dye plasma or serum sample is not required. 
This may be important in long-term studies of plasma T-1824 levels. 


Despite its simplicity, the deseribed method of correcting for interfering 


substances is extremely accurate, with the accuracy being limited almost entirely 


by the reading error of the spectrophotometer. The D;4 reading is critical be- 
cause any error in this reading will be nearly doubled at D,o; since the correction 


factor is 1.793. Nevertheless, it was possible to attain an accuracy of 0.003 at 
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D)..;. The error due to interfering substances varied from 0.001 to 0.230 optical 

density unit in the series of samples studied, and the correction factor was as 

accurate with large amounts of interfering substances as with small amounts. 
SUMMARY 


A method of correcting for interference in Evans blue dye determinations 


due to hemolysis and/or lipemia is deseribed. With the spectrophotometer used, 
the equation, corrected Dy; — observed Dyes 1.793 Dsyo, was found to be 


accurate within 0.003 optical density unit for 22 determinations in plasma or 
serum containing varying amounts of hemoglobin and/or turbidity. Water, 


clear serum, or clear plasma may be used for the reference solution. 
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A SIMPLE, RAPID, AND ACCURATE METHOD OF EXTRACTING 
T-1824 FROM PLASMA, ADAPTED TO THE ROUTINE 
MEASUREMENT OF BLOOD VOLUME 


T. J. Camppeuyi, B.S., B. FroumMan, B.A., ano E. B. Reeve, B.M. 
DENVER, COLO. 


NUMBER of excellent methods are now available for measuring red cell 
A or plasma volume in man.** However these all require either skill in 
technique or complicated and expensive apparatus, and they are more suited 
for a research laboratory than for general use. The management of patients 
suffering from hemorrhage is much improved if measurements of blood volume 
are available at need, but this requires either the availability of skilled labora- 
tory workers with specialized equipment, or a more simple method than those 
previously deseribed. Here we describe a method which is both simple and 
precise. It is a modification of a paper pulp method for extracting T-1824 from 
plasma deseribed by Allen, ° but it is more rapid and is provided with safety 
factors that allow some variation in performance without loss of accuracy. With 


this method an accurate estimate of plasma volume ean be obtained in any 


patient within about one hour (patients require no previous preparation), and 
# satisfactory measurement of blood volume ean be derived from the measured 
hematocrit and the factor Fan, (body hematoerit/venous hematocrit). A 


nomogram, relating blood volume to height and weight, is presented at the end 
of this paper, so that the measured blood volume ean be related to a reasonable 
estimate of the patient’s ‘‘normal’’ blood volume. This nomogram is derived 


from the data of Allen and co-workers.’ 


MATERIALS AND METHODS 


Principle—One to four milliliters of dyed plasma are reacted with 


a detergent 
Teepol) in phosphate solution. 


The mixture is poured on a wood cellulose column to 


the top of which the dye adsorbs. The eolumn is washed free of interfering substances 


with sodium phosphate solution and the dye is eluted with acetone water at pH 8.0. The 
eluted dye is buffered to pH 6.8 and its optical density determined in a simple form of 
spectrophotometer. 


Reagents. 
1. Two per cent Na,HPO, (anhydrous, molecular weight 142) in distilled water. Refrig 
erate when not in use and discard after 1 week. 
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2. Teepol-phosphate. Make up 3 ml. Teepol* and 2.0 Gm. anhydrous Na,HPO, to 100 
ml. with distilled water. Refrigerate when not in use and diseard after 1 week. 

3. Eight per cent KH,PO, (anhydrous, molecular weight 136) in distilled water. Re 
frigerate when not in use and discard after 1 week. 

4. Acetone water, 1:1 by volume. Keep stoppered. On the day of use adjust the 
required volume to pH 8.0 with a few drops of 1 N NaOH, using pH paper. Discard this 
after 1 day. 

5. Solka Floe SW-40-A purified wood pulp.t Suspend about 1 Gm. in 100 ml. 2 
per cent Na,HPO, (Reagent 1). Shake thoroughly to form an even suspension, and again 
just before use. 

6. Standard T-1824 solution. Dilute accurately 1.00 ml. of the batch of dye being 
used to 50.0 ml. with distilled water and refrigerate. 

Preparation of Columns.—One column is required for the standard, one for each of 
the plasma samples analyzed, and one for the blank sample of plasma if a measurement of 


blood volume has been made in the preceding 3 to 4 weeks. 








----Wood cellulose 


3 ----Glass wool 


L 


Fig. 1 The column holder shown is both inexpensive and effective Enough glass wool 
is used to prevent small particles of cellulose running through and blocking the needle. The 
outflow rate is controlled by the hypodermic needle attached to an adaptor which in turn is 
attached to the glass tube by a short piece of transparent tubing. The disposable plastic 
needle adaptors supplied with transfusion sets are most suitable if shortened. The dead space 
in the tubing, marked A, must be kept to a minimum The outflow rate should be maintained 
at 3 to 4 ml. a minute, and this is given by a 22 SWG needle 


1. Pyrex glass wool is taken up in foreeps, and inserted into the top of the column 
holder shown in Fig. 1. Distilled water is poured into the tube as lubricant and the glass 
wool is firmly packed above the small constriction with a long glass rod to give a column 
about 5 mm. high. About 0.1 Gm. glass wool is required. Beakers to collect the outflow 
are placed beneath each column. 

2. Using a 10 ml. graduated pipette with a cutoff tip, transfer about 12 ml. of the 
Solka Floc suspension (Reagent 5) into the top of the column holder. Let the suspending 


*Teepol 610 concentrate, Shell Chemical Co., 380 Madison Avenue, New York 17, N. Y¥ 
‘Brown Company, 150 Causeway St., Boston, Mass 
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fluid drain out so that an even column of the Solka Floc, 4 to 5 em. high, is formed on top 
of the glass wool. The height of the column may vary between 3 and 6 em. without 
causing trouble. 

3. Wash each column so prepared with 10 ml. of 2 per cent Na,HPO,, limiting the 
rate of outflow with a 22 SWG needle. 


Preparation of the Plasma Samples and Standard.— 

1. Three milliliters of the dyed plasma samples, the ‘‘standard’’ plasma, and the 
**blank’’ plasma are pipetted into the requisite number of 50 ml. Erlenmeyer flasks. (Any 
volume of plasma of from 1 to 4 ml. may be used but, for calculation of the results, it is 
easiest to use the same volume of plasma for each sample, standard, and blank, Either plasma 
or serum may be used but heparinized plasma is the most convenient.) 

2. Both the standard and the blank plasmas are obtained from a sample of the patient’s 
blood drawn just prior to the dye injection. To prepare the standard, exactly 0.200 ml. 
of the standard 1:50 T-1824 solution (Reagent 6) is added to the standard plasma in 
the Erlenmeyer flask; the two are mixed thoroughly by gentle swirling and then allowed to 
stand for 2 minutes. A standard is always prepared to correct for any small amounts of 
violet impurity in the T-1824 (see later) and as an internal check on the method. 

3. Fifteen milliliters of Teepol-phosphate is added to each Erlenmeyer flask. The 
contents are mixed thoroughly by gentle swirling for 15 seconds. 


Dye Extraction—1. The contents of each flask are poured gently on to cellulose 
columns. During these and subsequent additions the fluids poured into the column con 
tainers should disturb the tops of the cellulose columns as little as possible. Each flask 
is washed out with 5 ml. of Teepol phosphate, and, when most of the fluid has run through 
the column, the washings are poured on to the appropriate column. Finally, when the wash 
ings have almost run through, 10 ml. of 2 per cent Na,HPO, is poured on the top of each 
column. The T-1824 should be held as a blue band in the top 10 mm. of the column, and 
after the final phosphate wash the remainder of the column should be perfectly white. 
During fixation of the dye to the cellulose, flow through the column should be 3 to 4 ml. 
a minute. Rapid flow, because of passage of dye through the column, and very slow flow, 
because of firmer fixation of the dye to the cellulose, should both be avoided. 

2. As soon as the final wash has flowed down to the top of the column, a 10 mil. 
volumetric flask containing 0.50 ml. of 8.0 per cent KH,PO, is placed under the delivery 
needle, and approximately 5 ml. of pH 8.0 acetone water is poured on the top of the column. 
The eluted T-1824 is collected in the volumetric flask. At any time from 15 minutes to 15 
hours later a second portion of 4 to 5 ml. pH 8.0 acetone water is poured on top of the 
column, and the eluate is collected until the flask is filled almost to the 10 ml. mark. The 
volume is then brought to the mark with acetone water, the contents of the flasks are 
mixed, and the flasks are stoppered. It is important that there be no delay in pouring on 
the first portion of the acetone water, for, in phosphate solution, T-1824 becomes progressively 
more firmly bound to the cellulose. In acetone water this does not occur. Flow through 
the column during elution should be 3 to 4 ml. per minute. 


Photometry.—The optical densities of the acetone water extracts are measured in a simple 


form of spectrophotometer. With the Coleman Junior spectrophotometer 19 mm. circular 
cuvettes are used, and readings are made at 615 mg. There is a linear relationship between 
optical density and dye concentration over a wide range of dye concentrations, The acetone ex 
tracts should be crystal clear. If they are cloudy this indicates that all the protein has 
not been washed out of the column by the phosphate wash before the start of the elution. 


Calculations.—The formula for the measurement of plasma volume (PV) 
recommended is as follows: 


as later 
: Vx Dx (St-uxb) xv 
P\ ; 7 
Sa-vxb) x 1.03 
where V volume of T-1824 solution injected; D dilution of standard (250 times) ; 
St optical density of standard; Sa mean optical density of the 15- and 20-minute 
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plasma samples; v volume of plasma in the extracted samples; u the volume of the 
blank plasma used for the preparation of the standard; b the optical density of 1 ml. 
of the blank plasma without added dye, after extraction and elution. When b is 0.00, u x b 
and vy x b both become zero and disappear from the above formula. 

The factor 1.03 is used to correct for an average dye loss of 10 per cent per hour. 
When two blood samples are withdrawn 15 and 20 minutes after dye injection, the mean 
time after injection is 17.5 minutes, and the mean loss is 17.5/60 x 10/100, or approximately 


3 per cent, Other sampling times will require other correction factors. 
RESULTS 

l. The Plasma Blank.—With the method described, unless dye has been in- 
jected in the preceding 3 to 4 weeks, the optical density of the blanks in the 
spectral region 580 to 640 my is consistently zero. This has been true for 
samples of plasma selected at random from patients, samples of plasma to which 
sufficient lysed red cells have been added to render them grossly hemolyzed, 
samples showing marked opalescence or bilirubinemia, and samples containing 
up to 3 per cent dextran. Occasionally, when plasma contains high concentra- 
tions of dextran, the eluates develop a little cloudiness on standing. This ean 
be prevented by an extra wash, with 10 ml. of 2 per cent NasHPO,, before the 
elution. Thus, so far as we know, all interfering substances are removed by 
the method. 


2. Recovery of T-1824 From Plasma Samples.—Recovery of T-1824 added 
to plasma ranges between 95 and 99 per cent, and averages about 97 per cent. 
Lowering the temperature at which the extraction is made to 15° C. affects this 
recovery little. Some dye is lost in the dead space of very large columns, e.g., 
% em. in height, and some may pass through very short columns, 2 em. or less 
in height. An impure sample of dye, in which there is an appreciable amount 
of the ‘‘violet’’ impurity,® gives trouble as this impurity sticks strongly to the 
cellulose and is not eluted. With one such sample the recovery averaged only 
91 per cent. It is best to avoid such lots of dye. To test for this impurity, 
0.2 ml. of a 1:50 dilution of 0.5 per cent dye in the Teepol-phosphate mixture 
is applied to a cellulose column, washed with phosphate, and eluted with ace- 
tone water in the usual manner. The optical density of the eluate should be 
within 97 + 2 per cent of that of a standard prepared by adding the same quan- 
tity of dye to a mixture of 2 ml. of 2 per cent Na.HPO, and 0.5 ml. 8 per cent 
KH.PO, which is then brought to a volume of 10 ml. with acetone water at 
pH 8.0. To prove the presence of an impurity when a low recovery is obtained, 
the eluate is placed in a suction flask, the acetone is evaporated off, the re- 
mainder is dissolved in Teepol-phosphate, applied to a cellulose column, and 
finally eluted and buffered in the usual manner. The final eluate should have 
an optical density 97 + 2 per cent of that of a standard prepared from the 


initial eluate from which the acetone has been removed. Fortunately, samples 


of T-1824 contaminated with appreciable amounts of violet impurity are not 
common. 


3. Comparison of Results Given by Direct Photometry and the Extraction 
Method.—Table I compares the consisteney of the standard values obtained by 
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this method and by direct photometry. It is seen that highly consistent standard 
values are given by the extraction method. 


TABLE I. COMPARISON OF READINGS OF STANDARDS BY Direct PHoTroMEeTRY* (BECKMAN 
D.U. SPECTROPHOTOMETER) AND Dye ExTrRAcTION FROM PLASMAt (COLEMAN JUNIOR 
SPECTROPHOTOMETER IN 10 CONSECUTIVE SUBJECTS 
Direct photometry 0.681 .D 0.010 S.D as per cent 
8.D as per cent 


Ss 
Extraction 0.233 8.D 0.0027 


+ 1.5 per cent 
+132 per cent 

*The standard was prepared by adding 50 ul of a 1 in 25 dilution of the injected dye to 
1 mil. of blank plasma 


‘The standard was prepared by adding 0.200 ml. of a 1 in 50 dilution of the injected dye 
to 3 ml. of the subject’s blank plasma and extracting it in the usual manner. 


As a check on the extraction method measurements of plasma volume with 
T-1824 were made in 10 subjects and the plasma dye content was measured 
(a) by direet photometry on the plasma samples with a Beckman D.U. spectro 
photometer at 620 my in a cuvette of 1 em. depth, and (b) by dye extraction 
from the plasma samples by the method here deseribed. Table I] summarizes 
the results. The extraction method gives an average value 2.5 per cent higher 


than the direct method. However, 1 per cent of this is due to Subject 2 who 
had eaten 2 hours before the measurement. The other subjects had fasted 


overnight. 


TABLE II. COMPARISON OF MEASUREMENTS OF PLASMA VOLUME WitH T-1824 By DIRECT 
PHOTOMETRY AND BY DYE EXTRACTION 


A 
DIRECT B B-A DIFFERENCE AS 
PHOTOMETRY DYE EXTRACTION DIFFERENCE PER CENT OF A 
SUBJECT (ML. ) (ML. ) (ML. ) ( ML. ) 
2,365 2,400 35 1.5 
2,750 3,000 250 9.1 
2,290 2,310 20 
2,800 2,890 90 
2,360 2,500 140 
2.925 2,905 —20 
2,780 2,775 5 
3,160 3,205 45 
4,760 4,710 50 
3,065 3,210 145 
Average difference 
8.D of differences excluding Subject 2 


te Co toe 


ownmt-1 


*This subject had eaten 2 hours before the measurement 


4. Routine Measurement of Blood Volume.—For a routine method of 
measuring blood volume the maximum simplicity consistent with sufficient ac- 
curacy is necessary. We prefer to inject 4.00 ml. of 0.5 per eent T-1824 from 
a 5 ml. syringe calibrated to hold 4.00 ml., and to withdraw two dyed samples 
at 15 and 20 minutes after the dye injection. These intervals allow sufficient 
time for mixing of the dye in the circulation in most conditions, and a second 
sample guards against the chance errors that may be expected to oceur ocea- 
sionally with a single sampie. The packed cell volume in one of the dyed samples 
is measured. Patients were recumbent during the half hour before the blood 
volume measurement and remained so during the proceedure. 
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It is now clear that a satisfactory estimate of blood volume ean be ob- 
tained from the measured plasma volume and the ‘‘ body hematoerit.’’® In many 
conditions in man, the ‘‘body hematoerit’’ averages 0.91 of the packed cell vol- 
ume corrected for trapped plasma."” Taking an average of 0.04 of the packed 
cell volume (Ht %) to be plasma, blood volume (BV) is given by: 

: PV x 100 
B\ ~ 
(100 — ORT Ht % 
PLASMA VOLUME 

ML 
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2 Nomogram for calculating blood volume (BV) from plasma volume (PV) and per 


‘ent hematocrit (Ht %) The equation used was B\ 100 PV/(100 0.8 % ) 


Fig. 2 gives a nomogram for rapid ealeulation of the blood volume from the 
per cent hematocrit and the plasma volume. If greater precision is required 
it is best to prepare a table of values of 100/(100 — 0.87 Ht %) for values of 
hematocrit per cent. The measured plasma volume is then multiplied by the 


factor corresponding to the measured per cent hematocrit. 
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Prediction of Normal Blood Volume.—In patients that have abnormal blood 
volumes it is valuable to compare these with the anticipated normal blood 
volumes. The best data at present available for this are those summarized 


by Allen and co-workers.’ A nomogram relating normal blood volume to height 
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Fig. 3.—Nomogram for calculating normal blood volume from height and weight The 
equations used were (a) for men and boys, BV (in liters) 0.417 H*® + 06.045 W 0.03 
(b) for women, BV (in liters) 0.414 H*® + 0.0328 W 0.03, where H height in meters, 
and W weight in kilograms. The equations are those of Allen and associates.’ 














and weight derived from the equations of Allen and co-workers is given in Fig. 
3. With this the ‘‘normal’’ blood volume is rapidly ealeulated from height and 
weight, and the measured blood volume can be expressed as a percentage of this 
normal, 





EXTRACTION OF T-1824 FROM PLASMA 


DISCUSSION 


The Dye Extraction Method.—To enable T-1824 to be measured in plasma 
in the presence of opalescenece or hemolysis, a number of extraction methods 
have been devised'****; however, with the exception of Allen’s method® ® these 
have proved too time consuming or too erratie for general use. Allen’s method, 
though simple, requires a minimum of 3 to 4 hours because a portion of the 
extracted T-1824 sticks firmly to the cellulose and can only slowly be eluted. 
Bedwell and associates,'* to avoid this difficulty, prepared a special form of 
degraded cellulose and eluted the dye from it at 45° C. Their method is not, 
however, simple enough for general use. The modifications here introduced and 
their underlying bases are as follows. 

First, a purified wood cellulose powder has been substituted for the cotton 
cellulose previously used, and the adsorption and elution of dye have been 
rendered more tractable by modification of the adsorbing and eluting solutions. 
Adsorption of T-1824 to cellulose and elution from it are much affeeted by 
pH, salt coneentration, and the nature of the eluting solvent. In general, T-1824 
in watery solution sticks more strongly as the pH is lowered below 7.0 and as 


the salt concentration is increased, and becomes increasingly difficult to elute 
quantitatively by any solvent. However, in 2 per cent Na.HPO, with a pH 


of about 8.0, provided the rate of flow through the column is not too rapid, 
T-1824 is bound sufficiently strongly to the wood cellulose and yet is rapidly and 
quantitatively eluted by acetone water brought to pH 8.0. The elution is 
slightly more complete if the acetone water is poured on the column in two 
portions separated by an interval of 15 minutes or more. The sodium phos- 
phate has the added advantage that it is an effective wash for removing inter- 
fering proteins and pigments from the column prior to the elution. Other 
of the Brown Company’s purified wood cellulose powders such as Solka Floe 
SW-40-B and BW-20 are nearly as satisfactory as the SW-40-A used here. 
Ordinary commercial forms of wood cellulose such as cleaning tissues make 
poor columns and readily become clogged. Second, conditions of measurement 
have been chosen in which the absorption spectrum of T-1824 is stable. The 
absorption spectrum may be influenced by pH, salt concentration, and the na- 
ture of the solvent, but it was found that, at pH 6.8 in 0.06 M phosphate buffer 
and 40 per cent acetone water, the absorption spectrum was stable. Further, 
changes in pH of + 0.3 unit, considerable changes in phosphate concentration, 
and final concentrations of acetone ranging between 30 and 50 per cent had 
negligible effect. In our method the dye is eluted into a final volume of 10 
ml. which includes (a) the volume held in the interstices of the cellulose column 
and the dead space of the tubing, of the 2 per cent Na,HPO, wash solution 
used just prior to elution, and (b) the volume of the eluting acetone water 
solution. The average ‘‘hold-up’’ volume of the cellulose column with dead 
space is 2 ml., though there is some variation with different sized columns. Two 
milliliters of 2 per cent Na,HPO, is buffered to pH 6.8 with 0.5 ml. of 8 
per cent KH,PO, and since 6.8 is close to the pK of the buffer system, quite 
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large changes in the hold-up volume, and therefore in the quantity of Na,HPO, 
solution, will have little effect on the final pH. Further, the changes in the 
final concentration of acetone caused by variations in the hold-up volume are 
without significance. Lastly, a standard has been incorporated with each 
measurement of plasma volume. This is necessary to guard against errors 
arising from the presence of small amounts of the ‘‘violet’’ impurity,* and 
has the advantage that it provides an internal check on the method. It is 
preferable to using a caleulated value derived from the average recovery and 
the T-1824 optical density in buffered acetone water. 

Measurement of Blood Volume.—Many simplified methods of measuring 


blood volume have been deseribed of which the best known is that of Greger- 
sen.’ '© The method deseribed here has no extraordinary virtues except that 
it demands 2 postinjection samples, thus guarding against chance errors affect- 
ing a single sample. Other sampling times than those suggested could well be 
chosen. The nomograms have been devised so that the results of the measure- 


ment and the presumed normal values could both be obtained rapidly. 


Tests of the Accuracy of Measurement of Blood Volume.—There is only 
one satisfactory test for a method of measuring blood volume, that is for the 
user to be able to measure accurately a known volume of blood in a glass con 
tainer by the method. Before this method is put into use it is recommended 
that those who are to use it should demonstrate on several occasions (a) that 
satisfactory recoveries of T-1824 from plasma can be obtained, and (b) that 
accurate measurements of a known volume of blood in a bottle can be made 


by the dye hematocrit method using the extraction method described here. 


If this practice is observed, errors in technique will immediately become ap- 


parent and few bad measurements will be reported. 


SUMMARY 


1. A simple, rapid, and accurate method for extracting T-1824 from the 
plasma is described. The dye is displaced from its combination with albumin 
by detergent, adsorbed to a wood cellulose column, and eluted with acetone 
water brought to pH 8.0. Recovery of pure dye from plasma is 97 + 2 per cent 
complete. Measurements are not affected when the plasma samples are hemo- 
lyzed or lipemie or when dextran is present. Patients therefore require no 
previous preparation. 


2. One way of using this method to make rapid measurements of blood 


volume is described. A nomogram, relating the ‘‘normal’’ blood volume to 


height and weight, is given, so that the measured values may be related to 
normal values. 
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THE EFFICIENT SEPARATION OF LYMPHOCYTES FROM 
NORMAL HUMAN BLOOD 


BENEDICT CASSEN, PH.D., JULIANNE Hirt, B.A., AND Estuer F. Hays, M.D. 


Los ANGELES, CALIF. 


NCREASED interest in leukocyte physiology and biochemistry makes valu 
| able the ability to separate the white cell components in a peripheral blood 
sample. Efficient methods of separating leukocytes from erythrocytes and 
platelets have been deseribed and are reviewed by Skoog and Beck.' Separa- 
tion of lymphocytes from the other cellular components of blood has been 
somewhat more difficult. The problem of lymphocyte isolation has been re- 
viewed recently by Jago* who has pointed out that the methods reported have 
certain major defects. The segmented neutrophils are not efficiently removed ; 
there is too high a degree of red blood cell contamination; and frequently 
special equipment is needed. 

Levine*® has found that starech-coated iron particles were phagocytized 
by neutrophils. The method reported here utilizes this principle of in vitro 
phagocytosis of iron particles to increase the effective density of the neu- 
trophils, thus facilitating their removal from the other blood leukocytes by 


centrifugation. Suspensions of lymphocytes which are almost completely 
free of neutrophils can be prepared by this method. These lymphocyte 
preparations can also be obtained with a reduced erythrocyte count. The 


method requires no special equipment. 


MATERIALS AND METHODS 


A mixture of iron spherules having a fairly uniform diameter of about 3 micra* and 
gum arabic, U.S.P. grade,t in a physiologic salt solution is prepared prior to drawing blood 
and allowed to stand for 30 minutes at room temperature. The mixture consists of 100 
mg. of iron and 100 mg. of gum arabic in 5 ml. of a physiologic salt solution. 

Approximately 10 ml, of venous blood is removed from the antecubital vein and 
placed immediately into a glass-stoppered bottle containing a few grains of heparin and 
mixed well, Siliconized glassware is used throughout the procedure. If more blood is 
used it can be pooled prior to centrifugation, but 10 ml. is a convenient amount for the 
incubation. 

One milliliter of the well mixed gum arabic-iron solution is added to each 10 ml. of 
heparinized blood and is dispersed in the blood by swirling. The bottle is then placed in 


~ From the Atomic Energy Project, University of California, and the Department of 
Medicine, University of California Medical Center, Los Angeles, Calif 


This article is based on work performed under Contract No. AT(04-1)-GEN-12 
the Atomic Energy Commission and the University of California at Los Angeles. 

Received for publication May 21, 1958. 

*Carbonyl Iron Powder,Type SF, Antara Chemicals, 435 Hudson Street, Hudson, N. Y¥ 

fMatheson, Coleman & Bell, Norwood, Ohio. 
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Number 5 
a Dubnoff metabolic shaking incubator and shaken at speed 60 for 30 minutes at 37 
Every 5 minutes the iron spherules are well suspended in the blood by manual mixing. 
This incubated blood is poured into a centrifuge tube and spun at 2,500 r.p.m. 
(1300 g) for 30 minutes. After centrifugation, the tube contains plasma, a 0.5 mm. gray 
layer which consists almost completely of lymphocytes and platelets, a column of 
erythrocytes, and an aggregate of free iron and neutrophils and monocytes with phago 
cytized iron at the bottom of the tube. A few lymphocytes are scattered throughout the 
red cell column, The lymphocyte-platelet layer is removed from the packed red cell mass 
by decanting it from the centrifuge tube simultaneously with the plasma, The lympho- 
cytes and platelets adhere to one another and tend to slip off the top of the red cell column 
in a layer. The recovered material consisting of lymphocytes, platelets, red blood cells, 
and plasma is centrifuged at 1,500 r.p.m. (400 g) for 5 minutes in a graduated centrifuge 
tube. The plasma is removed to the 1 ml. mark, and the cellular components are resus 
pended in the plasma and counts made, This is referred to as the “lymphocyte prepara- 
tion.” Smears for differential counting are taken from the concentrated cellular eon- 


stituents prior to their resuspension in the plasma and 500 cells counted. 


Photomicrograph of Wright's stained film of lymphocyte preparation. (Magnification 
X100; reduced \%.) 


RESULTS 
This method has been utilized successfully in 25 normal subjects and 


also with canine blood. The results obtained with 5 representative, normal 


human subjects are presented on Table I. In the lymphocyte preparation 


the cells are found to be in suspension and can be counted accurately. No 
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clumping is found in the counting chamber, and no neutrophils are seen when 
observing cells in the counting chamber under the high-dry objective. Dry 
film observations of the cellular constituents of the lymphocyte preparation 
stained with Wright’s stain show a predominance of lymphocytes, some plate- 
lets, occasional monocytes, and rare eosinophils and basophils. Neutrophils 
are also rarely seen. Figs. 1 and 2 illustrate the microscopic appearance of 
the material decanted from the initial centrifuge tube and recentrifuged 
briefly to concentrate the cellular elements. The majority of the lymphocytes 
in all cases appear morphologically intact and both small and large lympho- 
cytes are present. Red blood cells are found in the lymphocyte preparation 
(Table L) in varying numbers depending upon the amount of material de- 
eanted after centrifugation. Their number ean be reduced with some slight 
loss in lymphoeytes by mixing the material decanted from the centrifuge tube 
in an equal amount of 6 per cent fibrinogen and allowing the erythrocytes to 
sediment for 3 to 5 minutes at room temperature. The lymphocytes and plate- 
lets are contained in the supernatant fraction. The platelets can then be 
removed by differential centrifugation. 


Photomicrograph of Wright's stained film of lymphocyte preparation. 


- - (Magnifica- 
tion x970; reduced 4.) 


Wright’s stained blood films made after the 30-minute ineubation with 
iron and prior to centrifugation show 95 to 100 per cent of the segmented 
neutrophils to contain from 1 to 10 spherules (Fig. 3). However, only 1 to 3 


spherules are seen in some of the eosinophils and monocytes. The majority 
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of the lymphocytes in these blood films do not contain iron. Observation of 

the cells in wet preparations show these spherules to be within the cell rather 
than adhering to the surface. 


Fig. 3 Photomicrograph of Wright's stained blood film after incubation with gum arabic 
coated iron Note the segmented neutrophils containing ingested iron spherules ( Magnifica- 
tion X970; reduced 4.) 


DISCUSSION 

Boerner and Mudd* have found that in vitro phagocytosis of bacteria 
could be achieved by constant shaking of a mixture of segmented neutrophils 
and bacteria at 37° C. With the iron phagocytosis method described in the 
present report, it was found that incubation for less than 30 minutes and 
omission of either the manual or mechanical shaking resulted in increased 
numbers of segmented neutrophils not containing iron and a less complete 
separation of these cells from the lymphocytes after centrifugation. Heparin 
has been shown to be the anticoagulant of choice in this work since precipita- 
tion of calcium as obtained with oxalate has been demonstrated to inhibit 
phagocytosis.° Levine* has noted that coating of the iron particles with 


starch produces a more stable iron suspension and increases the phagocytic 


propensities of the leukocytes. In this present method, no phagocytosis oc- 
curred using the iron spherules alone, but coating these spherules with gum 
arabie and in some instances, diastase, produced phagocytosis. 

The observations reported of the phagocytic properties of the different 
blood cellular elements are in agreement with those made by Strumia and 
Boerner® using heat-killed staphylococci. The neutrophils phagocytize most 
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actively as shown by the high percentage of cells containing iron and by the 


larger number of spherules per cell. The monocyies and eosinophils phago- 


cytize iron but less actively, and the lymphocytes seem to have little, if any, 
phagocytic properties under the experimental conditions used. 

It should also be mentioned that the speed and time of centrifugation is 
critical, i.e., lower speeds and shorter times do not completely remove the 
iron-laden neutrophils from the lymphocyte-platelet layer. 


SUMMARY 


1. A method of producing in vitro phagocytosis of gum arabic-coated 
iron spherules by neutrophilic leukocytes of human blood is reported. 

2. Centrifugation of blood with neutrophils containing iron will produce 
an efficient separation of ly mphocytes 
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A SIMPLIFIED MICRO DOUBLE-DIFFUSION AGAR 
PRECIPITIN TECHNIQUE 
ALFRED J. CROWLE, PH.D. 
DENVER, COLO. 


HE double-diffusion agar precipitin technique developed by Ouchterlony’ 
has seen numerous useful modifications; however, one general fault has been 
that they all require more volume of the reactants than is compatible with ex- 
tensive studies on sera from the smaller laboratory animals or on antigens avail 


able in very small quantities. Wadsworth’s* recent description of a micro double- 


diffusion agar precipitin test virtually should abolish this technical barrier, for 
as little as 0.01 ml. of each reactant can be used. Moreover, it is superior to 
conventional methods in several ways, particularly in sensitivity, and very well 
may replace them. The purpose of this communication is to bring this excellent 
technique to the attention of experimenters in bacteriologie and clinical labora 
tories and to present it in the form of a complete, practical, and routinely usable 
technique which, with ordinarily available equipment, minimum experience, and 
negligible material cost, yields excellent results. 


METHOD 

Common microscope slides are boiled in a weak detergent solution, rinsed several 
times in distilled water, then in methanol, ethanol, or acetone, and finally air-dried and stored 
in a dust-free container. Shortly before the slides are to be used, they are dipped one by 
one into a distilled water solution of 0.2 per cent agar kept at nearly boiling temperature. 
The slides should be warmed over a Bunsen burner just before this treatment. They then 
are rested nearly vertically on absorbent paper so that excess agar will drain away and the 
remaining very thin film will dry on them, 

A double layer of plastic electric insulating tape* is placed across one end of a treated 
glass slide; 2 em. away from the inner edge of this tape is placed a second double layer. Hence, 
there will be two parallel double layers of tape set 2 cm. apart on the slide (see Fig. 1). 

One per cent agar in a physiologic salt solution is melted and then cooled to about 60° C, 
Three-tenths of a milliliter is placed on the prepared slide in the space between the tapes. 
The slide need not be warmed if this procedure is done rapidly. A plastic matrix immediately 
is laid upon the melted agar and the bordering tapes. By its weight, it will force away a 
small amount of agar, but this insures perfect contact between the matrix and the agar. 

The matrix is made from % in. thick Plexiglas cut to the width of the microscope slide 
and 1 in. long. Each well in the pattern is drilled through first with a Y%g in. drill and, sub- 
sequently, three-fourths of the way through with a %,4 in. drill, thus acquiring two diameters 
and internally resembling the inside of a funnel in both shape and function since it is the 


From the Colorado Foundation for Research in Tuberculosis and the Department of 
Microbiology, University of Colorado School of Medicine, Denver, Colo. 


In part, this work has been aided by a grant from the National Science Foundation 

Received for publication May 9, 1958. 

*Homart, available from Sears, Roebuck and Co. Adhesive bandaging tape and paint 
“masking” tape could not be used for they seemed to precipitate the reactants nonspecifically. 
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small end of each hole which rests on the agar. The hole pattern shown in Fig. 1] was arranged 
so that the centers of the peripheral holes are 4 mm. from that of the central hole. Greater 
distances decreased the sensitivity of the technique whereas closer ones both were impractical 
and lost percipitin line resolution. In preparation for conveniently removing the matrix from 
the agar after reactions have been completed, the side of the matrix to be in contact with the 
agar is smeared very lightly with a water-repellent grease (e.g., a silicone product). A ma 
trix can be used repeatedly so long as it does not become cracked o badly scored on the side 


meant to touch the agar and provided it is washed well before each use. 


Fig. 1 Microscope slide adaption of Wadsworth’s micro double-diffusion aga precipitin 
technique The plastic matrix, in intimate contact with the 1 per cent agar gel beneath it 
rests primarily on bordering strips of plastic insulating tape The lowest well was left empty 
to show its internal shape. 


_ Fig. 2.—Thiazine Red R-stained precipitin lines formed by 3 different 
against a tuberculoprotein, the latter placed in the center well The fourth peripheral well was 


charged with buffer only. This is a direct projection enlargement (6 dia.), the microscope 
slide having been used in the enlarger as a negative. 


rabbit antisera 


The agar poured on the slide solidifies quickly after the matrix is in place. As soon as 


is convenient, the matrix wells are filled equally with reactants by using a tuberculin syringe 
and blunted 26 gauge needle, being careful to ensure contact between reactant in each well 
and the agar in the bottom of the well. 


The agar gel must not be allowed to dry, for it will 
pull away from the matrix and ruin the experiment. Drying is prevented during reaction 
development by enclosing the slides in a desiccator jar containing water. The precipitin 
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reactions develop quite rapidly; for practical purposes, only 24 hours may be required at room 
temperature, Tests with the antigen-antibody systems used in this laboratory have reached 
eompletion in this time at 4° C. (see Fig. 2). 


Following reaction development, the matrix is pried from the agar with a thin razor 
blade, a procedure which presents no difficulty provided the slides were clean initially, 
were coated with 0.2 per cent agar, and the matrix was greased properly. Reactions can 
be read before staining by dark-field illumination, but the experience in this laboratory 
has been that staining has the advantage of often making visible precipitin lines other 
wise overlooked and that the washing procedure dissolves nonspecific precipitation some 
times encountered. For example, the first antiserum in Fig. 2 showed 10 lines before 
staining, but after staining it showed 14. 

Of numerous acid dyes tested for precipitate staining efficiency and for photographic 
convenience, 3 (Thiazine Red R, Crocein Searlet MOO, and Azocarmine G*) proved superior; 
they are listed in slightly decreasing order of efficacy. The washing and staining procedure 
is as follows. 

After the matrix is pried off, any remaining liquid reactant on the agar is washed 
away gently with tap water and the slides are soaked overnight in physiologic sodium 
phosphate buffer at pH 7.4. The next day they are subjected to these succeeding 10-minute 
baths: 2 in distilled water, 1 in the staining solution, 2 in 1 per cent acetic acid, and 1 in 
lL per cent acetic acid also containing 1 per cent glycerol. No mechanical agitation or 
stirring is necessary when this schedule is followed. However, only the staining bath 
should be used more than once. Tissue section staining dishes are convenient apparatus 
for the baths and hold adequate volumes. Excess water from the last bath is drained from 
the slides and they are dried in a 37° C. incubator both for rapidity and to prevent their 
accumulating dust particles. After they are dry, the slides can be stored without further 
treatment in microscope slide boxes. 

The staining bath consists of 0.1 per cent dye in 1 per cent acetic acid. Its pH 
should not be allowed to reach 4. If this happens, or more than 10 minutes is required 
for adequate staining, the bath should be replaced. 


DISCUSSION 

The considerable advantages of a micro-Ouchterlony technique over the 
macro-tests have been presented by Wadsworth? and by Ouchterlony’; they have 
been confirmed in this laboratory. Modified somewhat, the Wadsworth technique 
ean be employed successfully and with excellent sensitivity and resolution in 
any normally equipped laboratory. The method’s simplicity should attract 
those who have hesitated to use the more complex techniques, and its reactant 
economy invites experiments with reactants available only in very limited quan- 
tities. The technique yields a permanent original record of itself, sinee it is 
stored as any microscope slide and is available for excellent visual or photo- 
graphic reproduction and enlargement. Its reaction resolution has been veri- 
fied by comparisons in this laboratory to surpass easily that of common macro- 


techniques, and those reactions detected are more confidently interpreted as spe- 


cifie precipitates after washing and staining than before because the washing 
process, as described here, tends to dissolve nonspecific precipitates. Because 
the agar in which reactions occur is so thin, the entire washing and staining 
process requires little time or attention. Ordinary microscope slides serve at 
one time both as expendable reactant vessels and as convenient holders for 
storing the dried agar films and their stained reactions. 


*Purchased from Hartman-Leddon Co., Inc., Philadelphia, Pa. 





MICRO DOUBLE-DIFFUSION AGAR PRECIPITIN TEST 


SUMMARY 


Wadsworth’s micro double-diffusion agar precipitin technique is presented 


as a modified, complete procedure suitable for frequent use in unspecialized 


clinical and bacteriologie laboratories. This procedure has proved more conven- 
ient, and far more sensitive and economical in every sense than conventional 
Ouchterlony methods. Details are given for setting up the test and for washing, 
staining, and preserving the precipitin reactions 
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1. EFFECT OF AN INCREASED MUSCLE TEMPERATURE ON THE 
OXYGEN DEBT INCURRED IN THE FOREARM DURING 
ANAEROBIC WORK 
Davip I. Apramson, M.D., Samuet Tuck, Jr., B.S. (By Ixviration), H. Resa, 


B.S. (By Inviration), YVONNE BELL (By [NvrraTIon), AND CLARA J. FLEISCHER, 
M.D. (By Invyrration), Curcaco, Iu. 


In previous studies it was shown that raising the temperature of tissues 
in vivo produced an increase in their resting oxygen uptake and in the mag- 


nitude of the oxygen debt incurred during 5 minutes of arterial occlusion; 
lowering the temperature had an opposite effect. The purpose of the present 
investigation was to determine whether a rise in musele temperature influ- 
enced the oxygen debt incurred during anaerobie work. 

The study was performed on 12 normal subjects. Oxygen uptake was 
caleulated from blood flow measurements on the forearm, using the venous 
occlusion plethysmographic method, and oxygen arteriovenous differences, 
based on venous blood samples from deep tissues. Musele temperature was 
obtained with thermacouples. The exercise consisted of compressing a blood 
pressure bulb under anaerobic conditions 60 times in one-half minute, to raise 
the pressure in a 5-gallon bottle to 60-70 mm. Hg. Readings were collected 
at rapid intervals following exercise, and from the data, oxygen uptake, in 
excess of the resting level, was calculated. 

It was noted that exposing the forearm to an air or water temperature 
of 28° to 30° C. for more than one hour produced an average temperature of 
35.7° C. in the brachioradialis muscle, and under these cireumstances the aver- 
age excess postexercise oxygen uptake was 2.464 ml. per 100 ml. of limb 
volume. Exposure to a bath temperature of 45° C. raised the average muscle 
temperature to 38.6° C., under which conditions the average excess post- 
exercise oxygen uptake for the same amount of work fell to 1.420 ml. The 
difference between the two sets of readings was found to be statistically sig- 
nificant. 

It was concluded that raising the temperature of exercising muscles in- 
creased their efficiency, as reflected in a reduction in the oxygen debt incurred, 
despite an associated rise in resting oxygen uptake, Such an interpretation 
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was in line with reported data indicating that an increase in muscle tem- 
perature causes a more rapid and more marked dissociation of oxygen from 
hemoglobin and myoglobin and a decrease in viscous resistance of muscles. 
The data were also considered to cast some light on the physiologic basis for 
the “‘warming-up’’ exercises practiced by athletes preliminary to intensive 
physical exertion. 


» 


2. EXPERIMENTAL AND CLINICAL USE OF THE RADIOCOLLOIDS 
OF ZIRCONYL PHOSPHATE (P**), YTTRIUM”, AND GOLD*** IN 
THE TREATMENT OF BENIGN PROSTATIC HYPERTROPHY 


HerBert C. ALLEN, Jr., M.D., aNp ABEL J. LeaperR, M.D. (By Invitation), 
Houston, TEXAS 


The possible usefulness in the human subject of the intraprostatie injee- 
tion through the intact perineum, or by the transurethral approach, of certain 
selected radioactive compounds (Y*, P**, and Au’**) in effecting atrophy, in- 
volution, and the relief of obstructive symptoms of prostatism in ‘‘ poor surgi- 
eal risk’’ patients with benign prostatic hyperplasia has been investigated. 
These radioactive colloids, as well as certain radioactive rare earths, have been 
investigated, both in vitro and in vivo, in old male dogs with prostatie hyper- 
plasia, as well as in the human subject. 

Prior to use in human beings, 87 in vitro experiments were done in order 
to find the ideal colloid which would remain stable as a colloid following 
interstitial injection or incubation with fresh or fresh-frozen hemogenates of 
the dog prostate under controlled conditions of temperature and pH simulat- 
ing those present in the living animal and human subjects. 

Thirty-three old male dogs with prostatic hyperplasia were injected and 
sacrificed several days to several weeks postinjection to determine the isotopic 
distribution patterns, by gross and microscopic autoradiography, of different 
injection techniques and different isotopes, both with and without the addition 
of certain spreading factors or enzymes. 

Six of these dogs with signs and symptoms of prostatism were injected 
to observe biologic effects and therapeutic response. 

Two elderly adult human subjects have been studied; in one, the prostate 
was injected through multiple needles by a closed transperineal approach ; 
in the other, by means of a single needle through a transurethral approach. 
The total radiation received by the gonads and adjacent regions was determined 


3. THE HAZARD OF SERUM HEPATITIS FROM BLOOD 
TRANSFUSIONS WITHOUT PLASMA 


J. Garrorr ALLEN, M.D., aNp Wynn A. Sayman, M.D. (By Invitation), 
Cuicaao, IL. 


A recently completed study of the 21 per cent systematic random sample 
of patients derived from a total of 11,382 who had been transfused with blood 
without plasma at the University of Chicago Clinies between July 1, 1946, 
and Jan. 1, 1957, disclosed the average attack rate for serum hepatitis to be 
2.3 per cent. The posttransfusion course during the 6 months following trans- 
fusion has been established in all but 1.9 per cent of patients in this sample. 
Attack rates and other relevant data for this sample have been determined. 
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These data indicate that the most effective present means for reducing 
the incidence of serum hepatitis from blood transfusions is the use of a non- 
icterogenic substance whenever possible. If the magnitude of this risk had 
been foreseen and the above recommendations had been taken to minimize the use 
of blood in the 1,323 patients who received 1 or 2 units, the number of cases 
of serum hepatitis occurring in these two groups could have been substantially 
reduced, possibly from 21 cases to less than 8. These 21 cases of hepatitis 
constitute 47 per cent of the total cases encountered from blood transfusions 
given without plasma. 


4. ELIMINATION OF INFLAMMATION TO HOMOGRAFTS BY 
TRANSFUSIONS OF DONOR’S BLOOD CELLS 


RicHARD ANDRESEN, M.D., AND CLARENCE W. Monror, M.D. (By Invitation), 
Cuicaago, IL. 


Studies of musculofascial transplants in rabbits showed that autografts 
and homografts underwent similar sequences of degeneration, absorption, and 
organization, but in homografts an intense lymphocytic infiltration ac 
companied by angiitis was superimposed upon the network of repair. It seemed 
that a study of means for elimination of this inflammatory reaction might 
improve the chance for survival of homografts between individuals of a geneti- 
eally impure strain. In conducting this study, it was found that cross- 
homografts following parabiosis showed two modifications of the classic 
host-homograft interaction, which were similar except for the magnitude of 
vascularization by the host. Inflammation was absent. 

Since transient cross-cireulation occurred during parabiosis, experiments 
involving massive cross-transfusion of blood between nonparabionts was done 
prior to ecross-grafting. This led to host-homograft interactions identical to 
those following parabiosis. Furthermore, cross-transfusion of as little as 5 
ml. of blood between pairs of animals prior to cross-grafting eliminated inflam- 
mation in cross-homografts regardless of blood types. 

Experiments were designed to identify the fraction of whole blood re 
sponsible for this modification. Twelve pairs of adult rabbits were used. 
Each animal received intravenously 3 ml. of ceil-free plasma obtained from its 
partner. One day following mutual cross-transfusions of plasma, cross-ho- 
mografts of musculofascial tissues were implanted. Grafts removed two weeks 
later showed classic homologous tissue reactions. 

Twelve additional pairs of rabbits were given single cross-transfusions 
of 2.5 ml. of blood cells triply washed in recipient’s plasma. One day later, 
cross-homografts were implanted and two weeks later removed for study. 
These showed noninflammatory tissue reactions identical to those observed 
in postparabiosis and in hosts cross-transfused with whole blood prior to ecross- 
grafting. Therefore, under these conditions the cellular fraction, rather than 
plasma of donor blood, was responsible for modifying the recipient and thereby 
eliminating inflammatory features of the host-homograft interaction. 


5. CHRONIC ATROPHIC POLYCHONDRITIS 


WituuM B. Bean, M.D., Jonn CHapman, M.D. (By Invitation), anp 
Curtis Drevets, M.D. (By Invitation), Iowa Crry, Iowa 


Inborn or acquired errors of metabolism or defects in structure may be 
narrowly selective in their effect on tissues or may permeate the whole body. 
An acquired disease of cartilage, chronic atrophie polychondritis, has come to 
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our attention recently in a patient with a classic example of this little-known 
syndrome which is characterized by generalized chondritis, perichondritis, and 
iritis. It was deseribed first in 1936. Our ease is the eighth to be reported. 
A 58-year-old woman suddenly developed rhinorrhea, lacrimation, redness 
of the nose and eyelids, and inflammation of the ears. She was thought to 
have an allergie reaction. She was given x-ray therapy and steroid hormones 
with some improvement. We saw her four months after her illness began and 
found widespread disorganization of eartilage in the nose, ears, and joints. 
The ears sagged and flopped over like a rabbit’s. The cartilaginous portion 
of the nose had a saddle deformity. Her voice was slightly harsh. The larynx 
and trachea appeared normal. There was evidence of an old iritis. She had 
a mild fever. All cultures and agglutinations were negative. Biopsy of the 
nasal septum and costal cartilages revealed an extensive inflammatory reaction 
with polymorphonuelear leukocytes, necrosis, and destruction of cartilage. In 
some areas both degeneration and inflammatory changes were found. Therapy 
with steroid hormones has been continued for 6 months with improvement but 
without evident regeneration of cartilage. 

It has not been possible to obtain any bacterium, yeast, fungus, or virus 
either from biopsy specimens or from routine cultures which might explain 
this peculiar disease. There is no conclusive evidence to suggest that the 
trouble in the cartilages occurred as a secondary reaction after infection in 
the eye had become established. Serum from the patient injected into a rabbit 
did no harm. We have no evidence that either cellular mechanisms or enzyme 
systems peculiar to cartilage suddenly undergo a change which ultimately 
leads to the destruction of cartilage and sometimes to the death of the patient. 
In the past, many so-called rare diseases simply had gone unrecognized, and the 
same may prove to hold true for chronie atrophie polychondritis. 


6. A COMPARISON OF PULMONARY DIFFUSING CAPACITY IN 
PATIENTS WITH ATRIAL AND VENTRICULAR 
SEPTAL DEFECTS 


Grorce N. Bepetit, M.D., lowa Crry, lowa 


The diffusing capacity of the lung for carbon monoxide (Dyco) is de- 
pendent on the eapillary surface area available for diffusion (probably related 
to the volume of blood in the capillary bed), the thickness and character of 
the alveolar capillary membrane, and the reaction rate of hemoglobin with 
carbon monoxide. Pulmonary blood volume is probably increased in patients 
with atrial septal defect. If capillary blood volume is also inereased, a high 
Dico would be expected. If the pulmonary eapillary circulation differs in 
patients with atrial and ventricular defects, a difference in Dypco might be 
anticipated. 

Ten patients with atrial septal defect and 13 patients with ventricular 
septal defect had pulmonary function studies using methods previously de- 
seribed (J. Clin. Invest. 37: 1049, 1958). Diagnostie eardiae eatheterizations 
were done in all patients with measurement of pulmonary artery pressure and 
estimation of systemie and pulmonary blood flow. 


Pertinent mean values in patients with atrial septal defect were: sur- 
face area 1.68 M.*, vital capacity 101 per cent of predicted normal (P.N.), 
Duco 40 ml. per minute per mm. Hg (165 per cent P.N.), hematocrit 44 per 
cent, pulmonary flow 14.0 L. per minute, and systemic flow 3.9 L. per minute. 
Pertinent mean values in patients with ventricular septal defect were: sur- 
face area 1.65 M.*, vital capacity 101 per cent P.N., Duco 28 ml. per minute 
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per mm. Hg (113 per cent P.N.), hematocrit 45 per cent, pulmonary flow 9.7 
L. per minute, and systemic flow 4.6 L. per minute. Two patients with ven- 
tricular septal defect had pulmonary hypertension and reduced Dy co. 

The high Dyeo found in patients with atrial septal defect is probably 
not on the basis of increased pulmonary flow. It is probably caused by in- 
ereased pulmonary capillary blood volume. The normal Dyeo in patients with 
ventricular septal defect may indicate a smaller pulmonary capillary blood 
volume. In this group of patients with atrial or ventricular septal defects and 
normal pulmonary artery pressure, there is nothing to suggest a significant differ- 
ence in the character of the alveolar capillary membrane or in the reaction rate 
of hemoglobin with carbon monoxide. 


7. MUCOPOLYSACCHARIDE CONTENT OF SKIN IN PATIENTS 
WITH PRETIBIAL MYXEDEMA 


WituiAMmM H. Bererwatres, M.D., ANN ArRBor, MicH., AND 
ALFRED Jay Bouuet, M.D., Derrorr, Micu. 


A chemical assay of the skin of 4 patients with ‘‘localized’’ pretibial 
myxedema was made using the method of Bollet (J. Clin. Invest. 37: 858, 
1958). All 4 patients had been hyperthyroid and were exophthalmie and 
euthyroid at the time the biopsies were made. Three patients, followed for 
over 6 years for their localized pretibial myxedema, had biopsies of the elini- 
eally involved area and an apparently noninvolved area well above the knee. 
The fourth patient, with localized pretibial myxedema of 214 years’ duration, 
had skin biopsies in the same regions and also from the deltoid area. The 
mucopolysaccharide concentration of these skin specimens was compared with 
the concentration found in leg skin biopsies obtained during orthopedic opera- 
tions on 6 comparable individuals who had never had thyroid disease. 

The mean value for acid mucopolysaccharide concentration in the elini- 
cally myxedematous pretibial skin was 841 ug of uronic acid per 100 mg. of 
dried, fat-free tissue using the ecarbazole method, and 567 pg using orecinol. 
(Reproducibility of the procedure — + 7 per cent.) The mean values for the 
clinically uninvolved areas of skin from the same individuals were 198 and 
159 ng per 100 mg. of tissue, respectively. The latter values were higher than 
the mean values found in the normal skin of 6 individuals, 106 and 105 pg per 
100 mg., respectively (P — 0.02, by ‘‘t’’ test for earbazole). The carbazole 
to oreinol ratio was higher in myxedematous skin than in the skin of normal 
subjects. 

The finding that the changes in mucopolysaccharide content of the skin 
are not limited to the pretibial area indicates that the term ‘‘localized pretibial 
myxedema’’ may be clinically correet, but apparently is chemically incorrect. 


8. A NEW TEST FOR COMPARISON OR CORRELATION OF 
SEMIQUANTITATIVE DATA WITH SOME APPLICATIONS 
TO THE STUDY OF LEUKEMIA 
Wituiam R. Best, M.D., Cutcaco, IL. 
Many biologic measurements are conveniently made only in semiquantita- 
tive terms, such as zero to four plus. True parameters may not be proportional 


to these designations, but rank order is consistent. Previous methods are 
suitable to test the probability that two such distributions might represent 
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random selections from the same population, but we know of no previous 
satisfactory technique for correlating two semiquantitative measurements 
within a single group. 

The author has developed a new method, the doublet direction probability 
test, to accomplish both purposes. A statistic, f, represents the fraction of 
those randomly paired observations (doublets) having other than a neutral 
direction and which favor a hypotheeated direction. Thus, for intergroup 
comparisons, a positive direction would indicate a higher semiquantitative 
designation for an observation from the one group than for its doublet-mate 
from the other. In correlation, the line connecting doublets, drawn randomly 
from a single group, is examined for a positive or negative slope. From f 
and the maximum number of doublet comparisons justified by the data, chi- 
square is calculated and the corresponding probabilities are obtained. Suitable 
formulas have been developed for computation of f and chi-square under various 
conditions. Beeause f is not binomially distributed, chi-square gives only an 
approximation of true probabilities. Improved formulas for direct computation 
of probabilities from f are being developed. 

The method of group comparisons has been adapted to the evaluation of 
comparative therapeutic regimens in acute leukemia. Cases are categorized 
by type of remission and subeategorized by duration of study before deteriora- 
tion necessitates change in therapy. Special problems include truncation by 
elimination of eases having inadequate trial, cases remaining in remission at 
time of analysis, one-sided versus two-sided probabilities, and utilization of 
sequential analysis to permit decisions with the least expenditure of time and 
effort. 

Correlation between degree of thrombocytopenia as judged from blood 
smear (normal, slight, moderate, or marked decrease) and subsequent weeks 
until death was examined from records of 120 acute leukemias observed prior 
to antimetabolite therapy. A significant correlation was noted (p < 0.01), 
with low platelet levels being associated with poorer prognosis. 

This new statistical technique should prove helpful in many types of clini- 
eal investigation. 


9. SERUM PROTEIN CHANGES IN WALDENSTROM’S 
MACROGLOBULINEMIA DURING PENICILLAMINE 
ADMINISTRATION 


Henry S. Buoc#, M.D., Pa.D., ANANDA PRrasap, M.D., anp Apa Anasrast, Pa.D., 
MINNEAPOLIS, MINN. 


(InrrRopUcED By F. W. Horrsaver, M.D.) 


Some complications of Waldenstrém’s macroglobulinemia are reported to 
be due to the high molecular weight protein characteristic of this disease. 
The pathologic macroglobulin can be depolymerized reversibly by certain 
thiols in vitro. We postulated that the administration of a suitable sulfhydry] 
compound may prevent the formation or induce depolymerization of the para- 
protein in vivo. 

To test this hypothesis, 1 to 2 Gm. per day of pt-penicillamine (,8-di- 
methyleysteine) was given orally to two men with Waldenstrém’s macroglobu- 
linemia. This amino acid can depolymerize the macroglobulin in vitro as shown 
by ultracentrifugation, light dispersion, and electrophoretic and precipitation 
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studies in our laboratory. The sulfhydryl concentration in the sera of both 
patients was subnormal. Macroglobulin isolated from the serum did not con- 
tain any free sulfhydryl groups. 

In the first patient, the concentration of total serum proteins ranged from 
8.8 to 14.1 Gm. per cent, and the y-globulin concentration from 7.3 to 11.1 Gm. 
per cent, during a control period extending over several months; during peni- 
cillamine administration the total serum protein concentration fell to 6.1 Gm. 
per cent and the y-globulin concentration fell to 4.0 Gm. per cent. 

In the second patient, the total serum protein concentration varied from 
8.8 to 10.3 Gm. per cent, and the y-globulin concentration from 5.1 to 6.8 Gm. 
per cent, during the control period. While penicillamine was administered, 
the total serum protein concentration fell to 7.9 Gm. per cent and the y-globu- 
lin concentration to 4.2 Gm. per cent. When penicillamine administration was 
discontinued, the total serum protein concentration rose promptly to 9.2 Gm. 
per cent and the globulin concentration to 6.7 Gm. per cent. 

The concentrations of albumin, alpha-1, alpha-2, and beta globulin and 
sulfhydryl groups in the serum, and the urinary exeretion of sulfhydryl were 
not affected by penicillamine administration. Penicillamine did not alter the 
normal serum protein pattern of a patient without dysproteinemia. 


10. THE EFFECT OF A NEW WATER-SOLUBLE DERIVATIVE OF 
VITAMIN K, (MK-112) ON DRUG-INDUCED 
HYPOPROTHROMBINEMIA 


Gites Boue, M.D. (By INvrration), AND Ivan F. Durr, M.D., ANN ARpor, MICH. 


Three healthy men were given Dicumarol (1,100, 800, and 650 mg.) on 3 
separate occasions. Spontaneous reeovery from drug-induced hypoprothrom- 
binemia was then compared with the effect of intravenous administration of 
vitamin K, (2-methyl-3-phytyl-1,4-naphthoquinone), Mephyton, and a new 
water-soluble derivative, dihydrovitamin K, (2-methyl-3-phytyl-1,4-naphtho- 
hydroquinone-1,4-diphosphate). 


Prothrombin was measured by the one-stage (Quick) and two-stage 
(Seegers) methods. Factor V (Wolfe) and factor VII (Owren) determi- 
nations were also made. Prolongation of the Quick prothrombin time to at 
least twice the control values was achieved, after which the preparations of 
vitamin K, were injected intravenously in a dose ranging from 0.5 to 1.0 mg. 
per kilogram of body weight. 


In healthy subjects significant effect on prothrombin time was noted 
within one hour; factor VII levels were satisfactorily altered in 1144 hours 
after injection of dihydrovitamin K,. Dihydrovitamin K, was also found to 
be very active in counteracting the excessive anticoagulant effect of oral 
Coumadin in a 78-year-old woman with profuse gastrointestinal hemorrhage. 
Two hours after intravenus injection of 20 mg., the prothrombin time had been 
reduced from the initial value of 93.6 see. to 49.0 sec.; 5 hours after a total 
dosage of 60 mg., the prothrombin time was 22 see. In a 48-year-old woman 
with Quick prothrombin time prolongation to 57.2 see. as a result of Dicumarol 
therapy, 40 mg. of dihydrovitamin K, intravenously resulted in the reduction 
of prothrombin time to a safe level of 16.1 see. within 3 hours. 

It is concluded from these preliminary studies that water-soluble dihydro- 
vitamin K, is as effeetive as oil-soluble vitamin K, in reversing Coumadin- 
induced hypoprothrombinemia. No local or constitutional reactions to the 
intravenous use of this new preparation were noted. 
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ll. METABOLISM OF MUCOPOLYSACCHIARIDES IN CONNECTIVE 
TISSUE 


ALFRED JAy Bouuet, M.D., Auprey K. Brown, M.D. (By Invitation), AND 
Jesse L. Goopwin, Pu.D. (By Invitation), Derrorr, Micu. 


Enzymes involved in the metabolism of acid mucopolysaccharides of con- 
nective tissue have been studied in the granulation tissue which enters poly- 
vinyl (Ivalon) sponges inserted under the dorsal skin of guinea pigs and in 
human synovial tissue. 

The sponge granulation tissue was examined histologically, chemically, 
and enzymatically. It consisted of abundant fibroblasts with few giant cells. 
There was no inflammatory infiltrate. The mucopolysaccharide, protein, and 
desoxyribose nucleic acid (DNA) concentrations were determined in the 
granulomas at various time intervals. The mucopolysaecharide fraction con- 
tained both glucosamine and galactosamine and revealed two metachromatic 
staining components on paper chromatography. 

Uridine diphosphoglucuronie acid (UDPGA) is the probable donor of 
glucuronic acid in the synthesis of mucopolysaccharides. The enzymes in- 
volved in the synthesis of UDPGA from glucose were found in the sponge 
granulation tissue. Hexokinase and phosphoglucomutase activity were demon- 
strated in relatively high concentrations. Uridine diphosphoglucose (UDPG) 
pyrophosphorylase activity was demonstrated in the 40 to 55 per cent am- 
monium sulfate fraction in sponge extracts by converting the UDPG formed 
to UDPGA with concomitant reduction of DPN to DPNH. This fraction re- 
dueed 0.5 x 10° »M of DPN per minute per milligram of protein. UDPG 
dehydrogenase activity in the same fraction, measured by DPN reduetion, 
averaged 1.7 x 10° »M per minute per milligram. This was 13.4 and 16.8 per 
cent, respectively, of the activity of this fraction obtained from the livers of 
the same animals. A similar fraction from human synovial tissue removed 
at arthrotomy for meniscectomy contained UDPG pyrophorylase activity (2.8 

10°° »M per minute per milligram of protein) and UDPG dehydrogenase 
activity (2.8 x 10°° »M per minute per milligram) 

8-Glueuronidase activity in sponge tissue averaged 19.0 Fishman units 
per milligram of protein (140 per cent of the activity in liver) and in synovial 
tissue averaged 10.6 units per milligram. In addition, glueuronosyl transferase 
activity was demonstrable in both sponge and synovial tissue; using 4-methyl 
umbelliferone as the glucuronide acceptor and UDPGA as the donor, sponge 
tissue homogenates conjugated 3.5 x 10° »M per 15 min. per milligram (3 per 
cent of the activity of the liver) and synovial tissue conjugated 1.0 x 10 »M 
per 15 min. per milligram. Other enzymes, including factors involved in the 
metabolism of uridine diphosphoacetylg!ucosamine, also were found in the 
sponge granulomas. 


12. HEMODYNAMIC CHANGES ASSOCIATED WITH VALSALVA’S 
MANEUVER IN NORMAL MEN AND WOMEN 


Ricuarp W. Booru, M.D. (By Invirration), Henry C. MeuLLerre, Pu.D., M.D. 
(By Invrration), Epwarp D. Swiss, P#.D., M.D. (By Invitation), Epwarp J. 
Netu, M.D. (By Invitation), ANp JosepH M. Ryan, M.D., CoLumsBus, Onto 


Right atrial, brachial arterial, and intraoral pressures were measured 
simultaneously and continually during Valsalva’s maneuver (40 mm. Hg 
intraoral pressure held 40 seconds) in 19 subjects (10 women and 9 men). 
Eight indicator dilution cardiae outputs were obtained in a random fashion 
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in each subject with indicator injection at the following periods: (a) 4 inter- 
spersed controls, (b) at 5, 15, and 25 seconds after the institution of the 
Valsalva maneuver, and (c) at release of the strain. From these data the fol- 
lowing parameters were calculated: pulse rate, stroke volume, pulmonary 
cireulation time, central blood volume, and total peripheral resistance. 

During straining, significant changes were observed: (a) right atrial 
pressure approximated 40 mm. Hg, (b) arterial pressures showed the char- 
acteristic decrease in both mean and pulse pressures with a gradual slight 
increase as the strain continued (this was always accompanied by a tachy- 
cardia), (c) cardiac output decreased from 30 to 50 per cent of control despite 
pulse rate elevation, (d) circulation time increased, (e) central blood volume 
decreased, and (f) total peripheral resistance increased markedly. These 
changes were all of greater magnitude in the women. 

At the time of release the following were noted: (a) right atrial pressure 
returned to normal, (b) arterial pressure showed the usual increase over con- 
trol levels of both mean and pulse pressures and was accompanied by a brady- 
eardia, (¢) cardiae output in all women rose approximately 30 per cent 
above controls while men showed no significant change from control levels. 
(d) cireulation time decreased, (e) central blood volume approached the nor- 
mal, and (f) peripheral resistance returned to near-normal levels. 

It appears that: (a) Valsalva’s maneuver produces definitely greater 
changes in both arterial pressure and flow in women than in men, (b) blood 
flow increases in women upon strain release but not in men, and (e) a disso- 
ciation results between central blood volume and pulmonary circulation time. 
The increased flow found at release in women differs from the usual concept 
that no increase in flow occurs at this time, and that the pressure increase is 
due soley to an increased peripheral resistance. 


13. AMINONUCLEOSIDE-INDUCED CHRONIC PROGRESSIVE 
GLOMERULONEPHRITIS IN RATS 


BENJAMIN Borowsky, M.D. (By Invrrarion), Davin Kessner, M.D. (By 
INVITATION), LintiaN Recant, M.D., Mary Kocu, B.A. (By Inviration), AND 
W. Srantey Hartrort, M.D. (By Ixviration), St. Louis, Mo. 


An experimental form of chronic glomerulonephritis has been produced in 
rats by a drug chemically related to the normal metabolite, adenosine. The 
compound is 2,6-dimethylaminopurine-3-amino-p-ribose (aminonucleoside). 
This lesion is of particular interest in that (1) it is self-perpetuating despite 
withdrawal of the drug and (2) it oceurs only after the development of a 
nephrotic syndrome. 

The nucleoside is administered either orally or by subcutaneous injection, 
until the development of proteinuria and ascites. Withdrawal of the drug 
is followed in 50 per cent of the animals by a disappearance of edema despite 
continued marked proteinuria which persists for at least 4 months (the longest 
follow-up period). Five per cent of the animals die spontaneously while 45 
per cent improve and appear to be completely well. Accumulation of such 
data has permitted description of the ‘‘natural’’ history of this experimental 
lesion. 

At autopsy, the kidneys show a granular surface. The microscopic find- 
ings are consistent with a chronic proliferative glomerulonephritis showing 
epithelial crescents; glomerular fibrosis; and tubular casts, dilatation, and 
distortion. 

In view of the similarity to the natural history of Ellis type II nephritis 
in human subjects, the mechanism of production of this lesion assumes 
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significance. Studies of kidney slice and mitochondrial metabolism in these ani- 
mals reveal significant abnormalities particularly in glycolysis. Evidence has 
been accumulated that the drug may function as an antiadenosine metabolite. 
The possible effect of such an action in the production of this experimental 
lesion is under study and will be discussed. 


l4. AN EVALUATION OF SHORT- AND LONG-TERM ANTIBLOTIC 
THERAPY IN EXPERIMENTAL BRUCELLOSIS 


G. Mary Brap.ey, M.B., B.S. (By Invitation), AND WesLEY W. Spink, M.D., 
MINNEAPOLIS, MINN. 


Intracellular localization of Brucella is a factor contributing to the 
chronicity of human brucellosis and to relapses after antibiotic therapy. In 
order to obtain more definitive information concerning the therapeutic effee- 
tiveness of streptomycin, tetracycline, erythromycin, novobiocin, and eyclo- 
serine, brucellosis was established in ABC female mice with 50,000 antibiotie- 
sensitive Brucella melitensis organisms injected intraperitoneally. 
instituted 4 weeks after infection, was continued for 3 to 24 weeks. 
tent tetracycline therapy was also evaluated. 


Treatment, 

Intermit- 
Periodically, groups of control 
and treated mice were sacrificed, and quantitative splenic cultures were made. 
Mice receiving 60 mg. per kilogram per day of tetracycline for 4 weeks showed 
a marked decline in the number of Brucella colonies; however, there was no 
significant difference between the colony counts of treated and untreated mice 
from 16 to 40 weeks following infection. The best results were obtained follow- 
ing continuous therapy with tetracycline for 6 months, or following two 
courses of therapy of 1 month each with an interval of 3 


} months. However, 
the organism was found to persist in some mice for several months even after 


this therapy. Similar results have been found by others following long-term 


chemotherapy of tuberculosis in mice. There was no advantage in adding 
streptomycin to tetracycline for 3 weeks. Streptomycin alone for 3 weeks and 
erythromycin, novobiocin, or eycloserine alone for 4 weeks were all ineffeetive. 
These results must be interpreted with caution in making comparisons with 
therapy in human brucellosis. In patients having infection due to Br. abortus, 
approximately 80 per cent recovered promptly without relapse when treated 
with tetracycline for a minimum of 3 weeks, but viable Brucella probably 
persisted in their tissues. Neither in experimental animals nor in man is the 
appearance of antibiotic-resistant Brucella of significance. Relapse rates in 
patients with disease caused by Br. melitensis is higher after comparable ther- 
apy. It is suggested that studies should be made on patients with Br. melitensis 
infection when treated with tetracycline continuously for periods up to 3 
months, or intermittently for two periods of 1 month each with intervals of 
3 months. 


Ib. A STUDY OF THE CONCENTRATING MECHANISM OF THE 
DISEASED KIDNEY USING THE STOP-FLOW TECHNIQUE 
AND AN EXPERIMENTAL MODEL POSSESSING ONE 
NORMAL AND ONE DISEASED KIDNEY 


Nea S. Bricker, M.D., S. Westey Kime, Jr., M.D. (By INviration), Perer A. 
Morrin, M.B., B.Cu. (By Invitation), AND FRANK Drerz, B.A. (By Invrration), 
Sr. Louts, Mo. 


It is widely held that the diseased kidney loses its ability to concentrate 
urine because of anatomic disorganization of persisting nephrons. If valid, 
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this thesis dictates that impaired concentrating capacity exists whether the 
diseased organ resides in a uremic or normal environment. Demonstration 
of the integrity of the concentrating mechanism in severely diseased kidneys 
in a nonuremic environment would seriously challenge the conventional theory. 
Moreover, such evidence would suggest that concentrating impairment in 
uremia results from functional adaptations in intact nephrons. 

Concentrating capacity has been investigated in dogs with one normal 
and one chronically diseased kidney (pyelonephritis or aminonucleoside ne- 
phritis). The intact organ both maintained essentially normal body fluids 
and served as a standard of comparison. 


The diseased kidneys uniformly retained normal concentrating capacity 


ce . . . . . . . 
(Tio GFR) regardless of the severity of the lesion or anatomic disorgani- 


zation. However, simultaneous values for the separate kidneys revealed 
slight but consistent differences. Thus, diseased organs demonstrated: less 
THO GFR; greater osmolal clearance/GFR; greater urinary sodium con- 
centration; and less urinary osmolality. Acute reduction of GFR of the 
diseased kidney tended to abolish these differences. 

To further clarify functional interrelationships, diseased and intact kid- 
neys were simultaneously studied with stop-flow techniques. During the stop- 
flow method, distal tubular urine of the diseased kidney had higher sodium 
concentration but lower osmolality than contralateral values. Transit time 
for new glomerular filtrate was faster in the diseased kidney. When GFR 
(diseased kidney) was diminished acutely, transit time was slower and uri- 
nary sodium concentration and osmolality were both lower than contralateral 
values. However, when transit times were equal, sodium concentrations and 
osmolalities became equal bilaterally. 

The following conelusions were reached: (1) the concentrating process 
is intact in surviving nephrons of diseased kidneys and (as in intact kidneys) 
is functionally related to sodium reabsorption (possibly in Henle’s loops) ; 
(2) loss of concentrating ability in chronic bilateral renal disease is not due 
to morphologic disorganization, but rather to adaptation in persisting ne- 
phrons; (3) the adaptations include increased GFR/functioning nephron and 
an ever-increasing volume of tubular urine passing a concentrating mechanism 
with limited capacity. As nephron population diminishes, such changes would 
inevitably result in progressive lowering of maximum urinary concentration 
(asymptotically toward isosmolality) despite intact concentrating mechanisms. 


16. QUANTITATIVE STUDY OF ENZYMATIC ACTIVITY OF HUMAN 
CARDIAC AND SKELETAL CONTRACTILE ISOLATED 
MYOFIBRILS 


ARNOLD L. Brown, M.D. (By Invitation), ALBERT ArAs (By INVITATION), AND 
F#EoRGE M. Hass, M.D., Cuicaao, It. 


A method for the isolation and purification of human eardiac and skeletal 
myofibrils was developed. Preparations of myofibrils were made from tissues 
removed post mortem from patients who had no history of cardiovascular or 
muscular disease. Suspensions of myofibrils were compared with respect to 
the effects of time, substrate concentration of adenosine triphosphate (ATP), 
and myofibril concentration on the liberation of inorganic phosphate. The 
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two types of myofibrils had similar curve contours, representing ATPase ac- 
tivity measured at intervals of a few seconds over a period of several minutes. 
The rate of phosphate liberation was always greater in the presence of skeletal 
rather than cardiac myofibrils. The rate, however, varied from patient to pa- 
tient and not in the same direction for the two types of myofibrils. Although 
the addition of calcium and magnesium ions led to increased ATPase activity 
of both types of myofibrils, magnesium was the more effective of the two ions. 
This was equally true in an analysis of the rates and magnitudes of contrac- 
tion of both types of myofibrils. Maximal activity occurred when the ATP 
concentration in the substrate was 2.0 mM. with decreased phosphate libera- 
tion above and below this concentration. In general, the increase in ATPase 
activity was directly proportional to the increase in myofibril concentration. 
Evidence indicated that the variations encountered among the different pa- 
tients could not be attributed to any postmortem factor or to any readily 
detectable common factor in the illnesses. 


17. THE EFFECT OF COBALT® TELETHERAPY ON GASTRIC 
ACID SECRETION 


CuHarLes H. Brown, M.D. (By Invitation), Roperr A. Hays, M.D. (By 
INVITATION ), AND Erwin Levin, M.D., CLEVELAND, OHIO 


It is now generally accepted that free hydrochloric acid is indispensable 
for the formation of peptic ulcer. All methods of therapy, medical or surgi 
eal, attempt either to eliminate or modify the secretion of free hydrochloric 
acid. Others have shown that irradiation by various techniques directed to 
the body and fundus of the stomach decreases temporarily the acid secretion 
in a significant number of patients; this decrease has been a valuable adjunet 
in the treatment of patients with complicated peptic uleer. 

Due to the fact that cobalt® teletherapy has certain physical advantages 
over conventional roentgen therapy, a series of 55 patients with complicated 
peptic uleer were so treated with 2,000 roentgen units to the stomach. The 
purpose of this paper is to present the results obtained on the effeet of irradi- 
ation with cobalt® teletherapy on gastric acid secretion. Seeretions stimu- 
lated by fasting and Histalog were obtained before treatment and at regular 
intervals from 2 months to 2 years after therapy. In the majority a decrease 
of greater than 50 per cent was noted and approximately 25 per cent devel- 
oped an achlorhydria in 2 months. The length of depression of acid secretion 
was variable with a gradual return to pretreatment levels in some. Post- 
treatment radioactive B,,. exeretion (Schilling test) was normal in 6 patients 
in whom a significant decrease in acid secretion was noted. Beeause of the 
decrease in acid secretion resulting from cobalt® teletherapy, even though 
this decrease may be temporary, it appears that such treatment may be a use- 
ful adjunct in complicated peptic ulcer. 


18. ESTIMATION OF ORNITHINE TRANSCARBAMYLASE ACTIVITY 
IN SERUM 
Rosert W. Brown, M.D., anp Santiaco Grisotia, M.D., Kansas Crry, Kan. 


(Inrropucrep By G. L. Curran, M.D.) 


Assays for various enzymes in serum have been utilized to detect hepato- 
cellular necrosis or damage. 


Except for arginase, these enzymes are present 
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in large quantities in most tissues; therefore, increased concentration in the 
serum is not a specific indication of liver damage. 

Since ornithine transcarbamylase, an enzyme discovered by one of us 
(S. G.), is found in large concentrations only in liver, we explored the use- 
fulness of measuring the activity of this enzyme in serum as an indication of 
liver cell necrosis or damage. 

A simple, highly reproducible method for the assay of ornithine trans- 
carbamylase activity in serum and the results obtained using the method on 
34 blood donors and in 31 patients with disease of the liver and hematopoietic 
system will be presented. 

The method is based upon the colorimetric measurement of citrulline 
synthesized from carbamyl phosphate and ornithine by the ecatalytie action 
of ornithine transcarbamylase. The urea present in the serum, which would 
interfere with the estimation of citrulline, is decomposed with urease. 

Immediately before use, 100 »M of dilithium carbamyl phosphate and 20 
mg. of urease type V Sigma were dissolved in 10 ml. of 0.1 M phosphate buffer, 
pH 7.0. One milliliter of this mixture, 1.0 ml. of 0.05 M ornithine, and 2 ml. 
of serum were mixed and incubated at 37° C. for 15 minutes. Tubes without 
ornithine or serum were used as blanks, although generally these blanks are 
negligible. The reaction mixtures were deproteinized by the addition of 4 ml. 
of 1 N perchloric acid and centrifuged. An aliquot of the supernatant fluid 
was analyzed for citrulline by the method of Archibald. Elevated values 
have been found only in patients felt clinically to have an active destructive 
hepatic process. No false positives have been encountered thus far. The 
method presented here is simple and rapid, requiring only one ineubation and 
the inexpensive equipment available in most routine laboratories. 


19. INFLUENCE OF TROPICAL WEATHER AND AIR CONDITIONING 
ON OUTPUT OF BLOOD, WORK, AND POWER OF THE 
HEART IN PATIENTS AT REST IN BED 


G. E. Burcu, M.D., N. P. DePasquaLe, M.D. (By Invitation), A. L. Hyman, 
M.D. (By Inviration), anp A. C, DeGrarr, M.D. (By Invirarion), 
New ORLEANS, La. 


Right heart catheterization has revealed that the heart of man, with and 
without chronie congestive heart failure, has a greater cardiac output in a hot 
and humid environment than in a cool and comfortable one. As the elimination 
of body heat becomes more difficult, there was a marked increase in cardiac 
output of blood, work, and power. During the tropical summer weather of 
August, 1958, in New Orleans, the cardiae output of blood, work, and power was 
studied in 5 additional patients at rest in bed in a ward open to the tropical 
weather and again in a cool and comfortable air-conditioned ward. Thus, to 
date, a total of 17 volunteer subjects (4 with chronie congestive heart failure) 
have been studied in this manner. 


Invariably, the cardiac output of the subjects at rest in bed exposed to the 
tropical weather exceeded that of the patients in the air-conditioned ward by 
a mean of 58 per cent (extremes, 22 and 144 per cent). The difference was 
even greater in a hotter and more humid atmosphere of the climatic room 
of the laboratory. The subjects with chronic congestive heart failure were 
able to inerease their cardiac output much less than control subjects and, there- 
fore, developed acute exacerbations in their congestive failure. 
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Although the tropical weather of the summer increased the output of 
blood in each subject, in some instances the output of caleulated work and 
power did not decline because of an associated decline in pulmonary and/or 
systemic arterial blood pressure. Because of these disproportionate and dis- 
cordant changes in volume output and pulmonary and systemic arterial blood 
pressures, there was an occasional increase in calculated work and power in 
one ventricle with a decline or no change in the other. These studies reveal 
the importance of recording simultaneously the time course of volume and 
pressure of the cardiae chambers in order to know the output of work and 
power of the chambers. An increase in cardiac output does not necessarily 
indicate an increase in work and power output. 

These experiments indicate again the importance of air conditioning 
further promoting rest of the heart in patients at rest in bed. 


20. FLUORESCENT ANTIGLOBULIN STUDIES IN LEUKOPENIC AND 
MULTIPLE TRANSFUSION DISORDERS 


Paunt CaLABRest, M.D. (By Invitation), Earn A. Epwarps, B.S. (By 
INVITATION ), AND Ropertr F. Scuituinc, M.D., Mapison, WIs. 


Studies of leukocyte immunology have been hindered by the lack of a 
simple reproducible technique for the detection of antibodies. Although the 
leukoagglutinin test has been commonly used, the occurrence of false positive 
reactions presents serious difficulties in interpretation. This is a study of the 
utility of a simplified fluorescent antiglobulin technique to detect ‘‘antileuko- 
eyte’’ factors in human serum. Blood smears from normal subjects are fixed 
in ethanol, washed, covered with test serum, washed, and overlaid with fluo- 
rescent Coombs’ serum which has been absorbed with rabbit bone marrow to 
reduce nonspecific leukocyte cytoplasmic fluorescence. Thereafter vigorous 
washing is necessary before observing for nuclear fluorescence by ultraviolet 
microscopy. 

More than 100 different sera were tested. Consistent interpretations were 
obtained on several ‘‘blind readings’? by 3 observers. In some instances 
smears from 6 individuals of different blood groups were used, and similar 
results were obtained with all blood groups. Strong nuclear fluorescence of 
the leukocytes was noted with each serum from 9 patients with systemie lupus 
erythematosus—in one, weeks before a positive L.E. cell test could be ob- 
tained—6 cases of Felty’s syndrome, 2 of 12 patients with uncomplicated 
rheumatoid arthritis, 4 patients who had received multiple transfusions, and 
one individual with neutropenia of unknown etiology. 

Absorption of positive sera with leukocytes obtained from a patient with 
chronic granulocytic leukemia removed the ‘‘antileukocyte’’ factor. Definite 
inhibition of fluorescence was produced by introducing unlabeled Coombs’ 
serum before applying the fluorescent Coombs’ serum. 

Negative results were obtained with sera from 20 normal subjects, and 
several patients from each of the following groups: hyperglobulinemia, multi- 
ple myeloma, asthmatic subjects on steroids for several years, aleukemie leu- 
kemias, other myeloproliferative disorders, Hodgkin’s disease, and 4 neutro- 
penias of unknown etiology. The serum from one patient with idiopathie 
thrombocytopenic purpura showed no effect on leukocytes but gave a st rongly 
positive platelet fluorescence. 


For the laboratory equipped with fluorescent microscopy this technique 
appears to provide a simple and direct test for antileukocyte factors. 
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21. A COMPARISON OF NORMAL AND RHEUMATOID 
SYNOVIUM CULTURED IN VITRO 
C, Wituiam Castor, M.D., ANN Arpor, MICH. 


(INTRODUCED By WILLIAM D. Rosrinson, M.D.) 


Rheumatic disease states are frequently accompanied by alteration of the 
physical characteristics of the synovial fluid. The decreased viscosity and 
poor mucin clot test exhibited by such fluid has been thought to reflect a 
change in the state of polymerization of hyaluronie acid. What part, if any, 
the normal components of synovial membrane play in this alteration has not 
been delineated. 

This is a preliminary report of a long-range program aimed at comparing 
the cytology and functional capacities of normal and rheumatoid synovium 
eultured in vitro. Cells have been grown in monolayer cultures on glass 
and subeultured in a quantitative manner with trypsin for varying periods of 
time. The cytology of early derivatives from both normal and rheumatoid 
synovium are strikingly similar. Data on mean volume and protein content 
of cells are also similar. Attempts to estimate the rate of hyaluronic 
acid production per cell has revealed esssentially similar rates of elaboration 
of the mucopolysaccharide into the supernatant medium. In the cultures 
studied it was not possible to demonstrate either production or consumption 
of rheumatoid factor. 

It has not been possible by the methods so far employed to distinguish 
between the early derivatives of normal and rheumatoid synovial tissues. 


22. INCREASED DESTRUCTION OF ERYTHROCYTES 
IN HEPATIC DISEASE 


Mapison J. Cawetn, III, M.D., ALpert B. HaGeporn, M.D., anp 
CHARLES A. Owen, Jr., M.D., Rocuester, Minn. 


(INTRODUCED BY Epwin D. Bayrp, M.D.) 


Our purpose was to investigate the role of hemolysis and gastrointestinal 
hemorrhage in anemia associated with hepatic disease, especially cirrhosis. 
Although studies have been reported concerning the accelerated disappearance 
rate of erythrocytes in hepatic disease, the effect of gastrointestinal loss of 
blood has not been reported. 

Thirty-two patients with moderate to advanced hepatic disease were 
studied: 22 had cirrhosis, 6 had hepatitis, and 4 had miscellaneous hepatic 
diseases. Each patient’s erythrocytes were labeled with radioactive chromium 
(Cr®*), and the survival rates of the erythrocytes were determined. Stools 
were collected, and the Cr™ in the stools was measured to quantitate gastro- 
intestinal loss of blood. 

Thirty-six studies were made on the 32 patients. Five studies (14 per 
cent) demonstrated essentially normal Cr’ survival time, that is, a semi- 
logarithmic half-time of more than 25 days. Thirty-one studies (86 per cent) 
exhibited abnormally short Cr*' survival times. Of these, 4 gave evidence of 
an average of 7 to 58 ml. of blood in the stool per day. Arithmetic correction 
of Cr survival times for hemorrhage resulted in normal values in one of the 
4 patients, but the other 3 stilll had shortened survival times. These results 
suggest that in 30 of the 36 studies a low-grade hemolytic process was present. 
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Hematologic studies revealed that 78 per cent of the patients had signifi- 
eant anemia, and 54 per cent demonstrated macrocytosis. Evidence of 
erythrocyte regeneration was lacking, as manifested by lack of significant 
reticuloeytosis or polychromasia in peripheral blood smears, although bone 
marrows of 5 patients showed hyperplasia of the erythrocytic line. The de- 
creased erythrocyte survival time, macrocytosis, and level of total serum 
bilirubin were related. 


Although patients with liver disease have a low-grade hemolytic process, 
this process is not severe enough to account for the anemia, and although the 
marrow is hyperplastic, there is no evidence for increased regeneration in the 
peripheral blood. This leads one to suspect that suppression of maturation 
plays a major role in the production of the anemia of liver disease. Whether 
this is a toxie or a deficiency type of arrest is undetermined as yet. 


23. THE HETEROGENEITY OF POSITIVE ANTIGLOBULIN 
REACTIONS IN ACQUIRED HEMOLYTIC ANEMIA 


Hueu CuHapuin, Jr., M.D., anp M. Cassety, B.S. (By Ixviration), Sr. Louis, Mo. 


Although there is some association between the occurrence of a positive 
antiglobulin reaction (Coombs’ test) and aequired hemolytic anemia, the 
‘strength’’ of the former and the severity of the latter often show poor cor- 
relation. The diserepancies may arise partly from the nonspecificity of anti- 
globulin sera, which are generally prepared by sensitizing animals with such 
polyantigenie substances as whole human serum or one of its major globulin 
fractions. 


‘ 


To provide antiglobulin sera of greater specificity, rabbits were sensitized 
with the antibodies eluted from well-washed stroma of red cells sensitized by 
(1) anti-Rh antibody, (2) autoantibody associated with idiopathie acquired 
hemolytic anemia, and (3) autoantibody associated with disseminated lupus 
erythematosus. The 3 potent antisera so obtained were compared in multiple 
dilutions with a conventional antiglobluin serum in the study of 72 patients 
whose anemia was presumed to be of the acquired hemolytic variety. 

Thirty-one of the 72 patients showed positive antiglobulin reactions 
against one or more of the antisera. It was confirmed that: (1) Patients with 
clearly demonstrable secondary hemolytic anemia (reticuloecytosis, erythroid 
hyperplasia, shortened red cell survival) may have negative antiglobulin tests ; 
and (2) conversely, strongly positive antigloblin tests may coexist with mini- 
mal evidence of hemolysis. Furthermore, marked heterogeneity was observed in 
the strength and pattern of the positive reactions against the 4 antisera. The 
reactions could be divided into 4 general groups based on the sera with which the 
red cells reacted and the sera with which prozone reactions were obtained. No 
absolute correlation could be drawn between the clinical diagnosis and the 4 gen- 
eral antiglobulin reaction groups, but interesting general correlations were ob- 
served. The sensitization of the patients’ red cells was frequently of the 
mixed ‘‘gamma and non-gamma globulin’’ variety, as judged by gamma 
globulin neutralization studies, but differentiation according to these criteria 
did not appear to be the basis for the 4 general reaction groups described 
above. 

The findings illustrate the variety and complexity of factors associated 
with acquired hemolytic anemia and emphasize the need for cautious inter- 
pretation when a ‘“‘positive antiglobulin test’’ is reported. 
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24. DISTURBANCES OF PULMONARY FUNCTION IN FIFTY 
PATIENTS WITH BRONCHIECTASIS 


Newt CHEeRNIACK, M.D. (By Invitation), KeNNetH L. Vost1, M.D. 
(By Ixvrration), George A. Saxton, Jr., M.D. (By Ixviration), 
Mark H. Lepper, M.D., anp Harry F. Dow.tna, M.D., 
Cuicaao, ILL. 


Thirty-two men and 18 women with evidence of bronchiectasis on bron- 
echography were studied. They were from 16 to 75 years of age, with a mean 
of 48 years. In 82 per cent the bronchiectasis was bilateral. In 40 per cent 
of the patients emphysema was demonstrated by clinical or x-ray examination. 
Sixty per cent had had a cough for 10 or more years. Fifty-four per cent had 
daily sputum volume exceeding 100 ml. Satisfactory tests of ventilatory fac- 
tors were completed in all 50 patients, but diffusion and venous admixture 
data were adequate in only 35 of the patients studied. At least one test was 
abnormal in every patient. 

The most striking finding was that of increased dead space. In 89 per 
cent of the cases the physiologic dead space exceeded normal, with a mean 
ratio of dead space to tidal volume of 49 per cent. This finding seems only 
logical, in view of the dilatations of the bronchi found in the bronchograms. 
The second most common abnormality was that of increased venous blood 
reaching the arterial circulation, occurring in 82 per cent of the eases. The 
mean venous admixture was 17 per cent or approximately 3 times normal. 
This probably resulted from continuing blood flow through poorly ventilated 
alveoli. In 63 per cent of the patients the vital capacity, and in 78 per cent 
the maximum breathing capacity, was less than 80 per cent of normal. Mean 
vital capacity was 70 per cent of normal and mean maximum breathing ea- 
pacity was 55 per cent of normal. These data indicate that in almost all cases 
increased resistanee to air flow reduced dynamic ventilation more than re- 
striction of the lung expansion or loss of pulmonary parenchyma. Further- 
more, the reduction of maximum breathing capacity correlated better with 
the degree of dyspnea experienced by the patients than any other parameter 
measured. The distribution of inspired gas was nonuniform, as judged by 
nitrogen washout in 54 per cent of the patients. This disturbance was usually 
mild. The diffusing capacity of the lungs was below normal (9 ml. oxygen 
per minute per mm. Hg per M.*) in 34 per cent of the cases and did not correlate 
with increased venous admixture or dead space. 


25. RENAL METABOLISM: THE UTILIZATION AND EXCRETION 
OF ALPHA-KETOGLUTARATE BY THE DOG KIDNEY 


Juuius J. Conen, M.D., Cincinnati, ONTO 
(INrRopUCED By WiLuiAm D. Lorsrricu, M.D.) 


Little is known coneerning the fate in the renal tubule of metabolites 
filtered at the glomerulus. Using standard clearance techniques, it is impos- 
sible to differentiate between tubular reabsorption and tubular utilization of 
such substances. Net utilization and net reabsorption of a-ketoglutarate have 
been studied in the dog kidney in an attempt to separate or relate these two 
phenomena. Renal venous blood was obtained through a catheter guided 
into the right renal vein under fluoroscopic vision in dogs (left nephrectomy) 
anesthetized with pentobarbital. Femoral arterial blood was obtained simul- 
taneously with renal venous blood, permitting the determination of arterio- 
renal and arteriovenous differences. a-Ketoglutarate was given by intravenous 
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infusion to raise and maintain constant blood concentrations of this metabolite. 
Net utilization and net reabsorption of this keto acid were determined by 
simultaneous measurement of total renal blood flow (direct Fick with para- 
aminohippurate) and glomerular filtration rate (creatinine clearance), respec- 
tively. Both the net utilization and net tubular reabsorption of a-ketoglutarate 
increase as the a-ketoglutarate load presented to the kidney is raised. How- 
ever, the increase in each process is not the same in absolute amounts, nor 
are the changes in utilization and reabsorption proportional. The simultaneous 
oxygen consumption of the kidney observed during these experiments is 
from 40 to 60 per cent of the quantity required for complete oxidation of 
the total a-ketoglutarate utilized. Utilization must then oecur by a non- 
oxidative pathway. This hypothesis is substantiated by the increased a-keto- 
glutarate utilization (presumably by transamination) and reabsorption as- 
sociated with L-alanine infusion. Here again, the observed oxygen consumption 
is inadequate for complete oxidation of the quantities of metabolite utilized. 
p-Alanine, on the other hand, reduces a-ketoglutarate utilization without af 
fecting reabsorption. These observations indicate that although a-ketoglu- 
tarate utilization and reabsorption show some common characteristics, the two 
processes are not causally related and may occur at separate sites in the kid- 
ney. Further, a moiety of a-ketoglutarate utilization occurs by nonoxidative 
pathways. Thus, renal metabolism, separate from renal excretory phenomena, 
must be considered as another parameter of renal function. 


26. METABOLIC EFFECTS IN NORMAL MEN AND IN PRIMARY 
ALDOSTERONISM OF A SYNTHETIC 
“ALDOSTERONE ANTAGONIST” 


JEROME W. Conn, M.D., Lawrence H. Lous, Sc.D. (By Invrration), STEFAN 
S. Fasans, M.D., Davin H. P. Streeten, M.D., Roperr D. Jonnson, M.D. (By 
INVITATION), JOHN R. Moornouse, M.D. (By INvrration), Miron G. CRANE, 
M.D. (By Invitation), A. Fern an Berker, M.D. (By INviration), AND 
Epuarpo Ramirez, M.D. (By Invitation), ANN Arbor, MICH. 


SC 8109 (Searle), a synthetic steroidal spirolactone, is reported to be capa- 
ble of (1) blocking the electrolyte effects of aldosterone or of desoxycortico- 
sterone in adrenalectomized rats, (2) reversing the abnormal electrolyte pattern 
in primary aldosteronism, and (3) producing natriuresis in heart failure and 
nephrosis. Antagonism to mineralocorticoids at their site of action has been 
postulated. Many but not all of our results ean be made to fit this interpreta- 
tion. 


SC 8109 was administered orally (1,250 to 2,000 mg. per day) and 
intramuscularly (250 mg. per day) to 2 normal men at 3 levels of sodium 
intake (9 mEq., 200 mEq., and 475 mEq.). During each of the 12 periods 
of electrolyte balance many other measurements were made ineluding daily 
determinations for urinary aldosterone, 17-hydroxycorticosteroids, and 17- 
ketosteroids. In a similar study the compound was used orally in a ease of 
primary aldosteronism. The following results were noted: 


1. In normal men on very low sodium intakes and with very high levels 
of urinary aldosterone, 250 mg. per day intramuscularly of SC 8109 resulted 
in sodium loss and potassium retention. With diets high in sodium and with 
low aldosterone levels the same changes occurred but were somewhat less in 
intensity. 
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2. At 2,000 mg. per day orally sodium loss oceurred at each level of 
sodium intake. In each ease, natriuresis was of similar magnitude and was 
independent of the output of aldosterone. Potassium retention occurred 
during the low but not during the high sodium intake periods. 

3. In primary aldosteronism evidence suggesting aldosterone antagonism 
with SC 8109 was obtained with very low levels of sodium intake. With a very 
high intake of sodium this was not the case although aldosterone values were 
comparable on the two regimens. 

4. At higher dosage levels a significant decrease of urinary 17-hydroxy- 
corticosteroids occurred with no concomitant change in 17-ketosteroids. 

These conclusions were drawn: (1) Under some circumstances the elee- 
trolyte effects of endogenous aldosterone seem to be reversed by SC 8109. 
(2) The compound possesses activities which are independent of aldosterone 
and which may be involved in its over-all activity. (3) Regardless of its 
precise mode of action, SC 8109 induces natriuresis without kaliuresis and is 
potentially an important diuretic agent. 


27. ESTIMATION OF GALACTOSE WITH GALACTOSE OXIDASE 
Joun A. D. Cooper, M.D., Cuicago, IL. 


Galactose oxidase has been isolated from the medium on which Polyporus 
circinatus (Fr.) has grown. This enzyme oxidizes galactose to the y-galactono- 
lactone with the production of hydrogen peroxide and exhibits a high degree 
of specificity. It has been used in developing a method for the quantitative 
estimation of galactose in biologie fluids. 

The oxidation of mesidine by the hydrogen peroxide formed in the pres- 
ence of horse-radish peroxidase serves as the basis for the analytic method. 
The amount of color produced by a system containing galactose, galactose 
oxidase, mesidine, and horse-radish peroxidase is measured in a spectrophotom- 
eter at 440 mp. The density is proportional to the galactose concentration 
and 36 wg of galactose can be determined, 


The method has been applied to the estimation of galactose in plasma, 
urine, and other biologie materials. 


28. SERUM LIPOPROTEIN PATTERNS IN MYXEDEMA 
AND THYROTOXICOSIS 


Davin G. CornweELiL, Pu.D. (By Inviration), Frep A. Kruger, M.D. (By 
INVITATION), GrorGe J. Hamwt, M.D., anp J. B. Brown, Px.D. 
(By Inviration), CoLUMBUS, OHIO 


It is known that the level of serum lipids, particularly cholesterol and 
phospholipids, vary inversely with thyroid function. The recognition that the 
serum lipids are present as several distinct lipoprotein classes with specific 
chemical and physical characteristics, prompted reinvestigation of this prob- 
lem, with the intent of more specifically defining the qualitative and quantita- 
tive alterations in these lipoproteins. 

Serum was separated into chylomicrons, Sf 3-9, Sf 10-400, and high-density 
lipoprotein fractions in the preparative ultracentrifuge by a density gradient 
procedure. These fractions as well as the total serum were analyzed for 
cholesterol (C) and phospholipids (P), and the cholesterol-phospholipid ratio 
(C-P) ~was calculated. 
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TABLE I, RESULTS 


CHYLO HIGH-DENSITY 
MICRONS Sf 10-400 Sf 3-{ LIPOPROTEIN 
i Pp 


Normal 

22 226 5.6 20.3 146 a! 36 0.49 
Hypothy 

roid (19 164 
Hyperthy 

roid (11 195 


0.50 


0.48 


The deviations from the normal controls were corrected by treating the 
abnormality in thyroid function. 

Our results, illustrated in Table I, demonstrate that: 

1. Deficiency of thyroid hormone results in a marked elevation of both 
cholesterol and phospholipid in the Sf 3-9 fraction. The increase in cholesterol 
exceeds that of phospholipid resulting in an alteration in the C-P in this frae- 
tion and, therefore, indicates a qualitative change in this lipoprotein moiety. 
In addition, there is a slight increase in cholesterol and phospholipid in the 
Sf 10-400 and a similar inerease in the C-P 

2. With excessive thyroid hormone production there is a small but distinet 
decrease in the cholesterol that is greater than phospholipid in the Sf 3-9 and 
is also reflected in a decreased C-P. No significant change oceurs in other 
lipoprotein fractions. 


Further evidence will be presented to indicate that thyroid hormone is 
one of the rate controlling factors in the metabolism or utilization of the Sf 
3-9 lipoproteins. In thyroid deficiency, there is a secondary delay in the trans- 


fer of the Sf 10-400 to the Sf 3-9 fraction 


29. THE INFLUENCE OF SMALL DOSES OF INSULIN ON THE 
SPLANCHNIC OUTPUT AND PERIPHERAL UPTAKE 
OF GLUCOSE IN MAN 


JAMES W. Craic, M.D., Winuiam R. Drucker, M.D. (By Invirarion), Max 
Mituer, M.D., anp Hiram Woopwarp, Jr., B.S. (By Invitation), 
CLEVELAND, OHIO 


Although insulin has been employed therapeutically for 35 years, un- 
certainty exists concerning its sites of action, It is generally agreed that 
insulin stimulates glucose uptake in peripheral tissues such as muscle and 
adipose tissue, but a direct effect on other organs, particularly liver, is dis- 
puted. In this study, simultaneous measurements of fasting net splanchnic 
glucose output (NSGO) and peripheral arteriovenous blood glucose (A-V) 
difference have been employed to investigate the sites of action of exogenous 
insulin in man. 

Subjects for these hepatie vein catheterization studies were nondia- 
betie patients. Serial simultaneous hepatic venous, antecubital venous, and 
radial arterial blood samples were obtained for glucose determination at 5- 
to 10-minute intervals before and after peripheral intravenous administration 
of 2 or 3 units of glucagon-free crystalline insulin. Hepatie blood flow was 
estimated by the Bromsulphalein technique. 

In 11 subjects insulin produced an average maximum arterial blood glu- 
cose fall of 27 mg. per 100 ml. in 25 minutes. NSGO decreased in 9 of 11 
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subjects from an average + 1 S.D. of 197 + 101 mg. per minute before to 73 
+ 25 mg. per minute during the first 30 minutes after insulin. This decrease 
in NSGO appeared adequate to account for the major portion of the observed 
blood glucose fall. The average peripheral A-V difference in 11 subjects was 
2.6 + 4.3 mg. per 100 ml. before and 0.9 + 3.6 mg. per 100 ml. after insulin; 
a prompt and sustained inerease in A-V difference was observed in only one 
subject. 

In 6 control subjeets who were given only sodium chloride solution there 
was no significant change in blood glueose, NSGO, or A-V difference. 

Under these experimental conditions, the blood glucose fall produced by 
small doses of intravenous insulin was accompanied by a decline in NSGO 
without a demonstrated increase in peripheral glucose uptake. The results 
suggest that some tissue in the splanchnic bed is more sensitive to the action 
of exogenous insulin than are the tissues of the forearm. Diminished NSGO 
could result from either a decreased output of glucose from the liver or an 
increased uptake of glucose by extrahepatic splanchnic components, perhaps 
adipose tissue. 


30. UROPEPSIN EXCRETION IN THE DIFFERENTIAL DIAGNOSIS 
OF GASTROINTESTINAL HEMORRHAGE 


ALVIN J. CummMrins, M.D., Mempuis, TENN. 


There is need for a simple reliable test to aid in the rapid differential 
diagnosis of the cause of gastrointestinal hemorrhage. If peptie ulcer can be 
identified early, medical and/or surgical therapy can be applied more ration- 
ally. Uropepsin excretion in patients with duodenal uleer has been reported 
to be increased, probably reflecting gastric hypersecretion. Gray and asso- 


ciates have observed that 24-hour uropepsin output studies will distinguish 
hemorrhage of ulcer origin from that due to esophageal varices. 

The present study was designed to determine the feasibility of using 
a rapid 2-hour uropepsin excretion determination in distinguishing ulcer from 
nonuleer hemorrhage. This rapid test might be useful particularly in cases 
of massive bleeding for guidance as to early proper treatment and seems 
logical since uropepsin output is known to be constant through the 24-hour 
period. Voided or ecatheterized 2-hour urine specimens were obtained and 
uropepsin determined by the Anson-Mirsky method. In two-thirds of the 
cases urinary creatinine was also determined, and uropepsin-creatinine ratios 
were calculated to serve as a check on urine collection errors. One hundred 
and twenty-four patients with gross hemorrhage from the gastrointestinal 
tract were studied. Of these, 68 had peptie ulcer (11 gastrie and 57 duo- 
denal), 32 had hemorrhage not of uleer origin (4 varices, 8 gastric carcinoma, 
5 hiatus hernia, and so forth), and in 24 the cause of bleeding was unde- 
termined. The range of 2-hour uropepsin exeretions in these patients was as 
follows: uleers, 34 to 1,925 units (mean — 638); nonuleers, 0 to 1,337 units 
(mean =— 272); undiagnosed, 24 to 1,650 units (mean — 503). Similar seatter 
was observed for the uropepsin-creatinine ratios. 

It is apparent that while the ulcer patients as a group have an increased 
uropepsin excretion the wide range of excretion limits the usefulness of the 
test in differential diagnosis in the individual patient. A 2-hour excretion of 
over 600 units, however, strongly suggests the diagnosis of ulcer since only 
2 of the 32 nonuleer patients showed such values. In no eases except those 
with duodenal uleer was the 2-hour excretion over 1,400 units. The test as 
applied would appear to be a valuable but limited tool in the diagnosis of 
hemorrhage due to ulcer. 
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31. COMPARISON OF THE PLASMA ABSORPTION AND THE 
URINARY EXCRETION TESTS AS MEASURES OF 
ABSORPTION OF CYANOCOBALAMIN 


ALFRED DosCHERHOLMEN, M.D. (By INvitation), AND Paut S. HaGen, M.D., 
MINNEAPOLIS, MINN. 


Gastrointestinal absorption of radiolabeled cyanocobalamin can be de- 
termined by measuring plasma radioactivity. The purpose of this study was 
to compare the efficacy of plasma absorption and urinary excretion tests in a 
number of pernicious anemia patients and control subjects. At the same time 
comparisons were made between 6- and 8-hour plasma samples and between 
2- and 24-hour urinary collections. Oral test doses, 0.56 ng cyanocobalamin 
(0.5 pe Co®’), were administered to the fasting subject at 8:00 a.m. Blood 
samples were collected at 6 and 8 hours. <A “‘saturation’’ dose of 1 mg. of 
‘*eold’’ cyanocobalamin was given parenterally immediately after the 6-hour 
blood sample was taken. Besides a 24-hour collection of urine, a 2-hour sam- 
ple was obtained during the 6- to 8-hour interval. Radioactivity measure- 
ments were made on 20 ml. samples of plasma or urine in a well-type seintil- 
lation counter. 


SUMMARY OF RESULTS 


PLASMA ABSORPTION 
(#pG CYANOCOBALAMIN PER CENT RADIOACTIVITY 
NO. OF PER ML. EXCRETED IN THE URINI 
DIAGNOSIS SUBJECTS 6 HOURS 8S HOURS 2 HOURS 24 HOURS 
Control ‘ 3.6 1.9 8.0 + 2.8 a2 t 2.0 28.9 + 8.5 
P.A. 4+ 04 0.7 + 0.6 0.2 + 0.2 22 2.0 
P.A, plus 
intrinsic 
factor 2.0 + 1.0 5. S 2. 3 23.2 + 10.4 


Positive correlation was found among the 4 measurements of absorption. 
No overlapping occurred in the 8-hour plasma or the 24-hour urine values. 
The 6-hour plasma and the 2-hour urine tests, however, showed overlapping 
in 4 and 6 subjects, respectively. Intrinsic factor greatly improved the ab- 
sorption in subjects with pernicious anemia. 

Carbamyleholine chloride improved absorption in the control group as 
well as in two patients with Addison’s pernicious anemia. In one of the latter 
the absorption became normal. Routine use of carbamyleholine chloride in 
eyanocobalamin absorption tests is therefore questioned. 

The following findings incidental to giving the ‘‘saturation’’ dose at 6 
hours are noteworthy: (1) the 28.9 per cent 24-hour urinary exeretion was 
statistically higher than the 22.4 + 7.9 per cent observed in 28 other control 
subjects who received the ‘‘saturation’’ dose at 2 hours (p<1.01) and (2) the 
8-hour plasma value of 8.0 pug per milliliter was significantly higher than the 

7 + 1.5 ppg per milliliter found in 100 different control subjects not given a 
saturation’’ dose (p<0.01). 


, 


ae 


32. HEPARIN-LIKE ACTIVITY OF POLYETHYLENE SULFONATE 


Cuartes H. Duncan, M.D., Maurice M. Best, M.D., anp CHARLES J. McGarr, 
M.D. (By Invitation), LovIsviLLe, Ky. 


The high molecular weight anion, polyethylene sulfonate, has been ad- 
ministered to a group of subjects and its effect on clotting time and on plasma 
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lipoprotein lipase activity compared to that of heparin. Its effect on serum 
total cholesterol and on alpha-beta lipoprotein cholesterol was also studied. 

Clotting time was determined by a modified Lee-White technique, using 
a siliconized needle, syringe, and 4 tubes. Lipoprotein lipase activity was 
estimated by the in vitro optical clearing of a synthetic fat emulsion in- 
eubated for 30 minutes with the plasma. Alpha and beta lipoproteins were 
separated by paper electrophoresis, and the cholesterol content was determined 
after elution. 

In the comparison of sodium polyethylene sulfonate (PES) with heparin, 
14 subjects were employed. Seven received intramuscular heparin for a mean 
period of 11.7 days, the average daily dose being 139 mg. The remaining 7 
patients received intramuscular PES for a mean period of 11.5 days, the 
average daily dose being 134 mg. 

Clotting time, determined 2 hours after injection, was increased from the 
mean control time of 30 minutes to a mean of 71 minutes in the group receiv- 
ing heparin, and to a mean of 56 minutes in the group receiving PES. Lipo- 
protein lipase activity, also determined 2 hours after injection, was signifi- 
eantly higher in the patients receiving PES (mean AD 0.29) than in those 
receiving heparin (mean AD 0.06). In neither group was serum total cho- 
lesterol significantly altered. 

In a second study the effect of PES on the alpha-beta lipoprotein cho- 
lesterol was studied. Six subjects received PES, 50 mg. intramuscularly every 
8 hours for 8 days. Mean control alpha-beta lipoprotein cholesterol was 16-84 
per cent. PES resulted in an inereased ratio of cholesterol in the alpha lipo- 
protein fraction in all subjects, the mean of duplicate determinations on days 
7 and 8 being 39-61 per cent. 


No toxie effects of PES were observed during the short periods of drug 
administration employed. The changes in plasma lipoprotein lipase and alpha- 


beta lipoprotein cholesterol observed following the administration of PES 
suggest its use in the evaluation of their possible role in atherogenesis. 


33. SHORT-DISTANCE RADIO TELEMETERING OF PHYSIOLOGIC 
INFORMATION 


F. LoweLtt Dunn, M.D., anp Haro_p G. Beenken, E.E. (By INviration), 
OmaHa, NEB. 


A completely transistorized radio transmitter has been developed operat- 
ing at 104 megacycles per second. The weight is under 2 pounds without the 
use of miniature parts. Battery life is approximately 100 hours. The system 
uses amplitude modulation of the audio subearriers and frequency modulation 
of the radiofrequency carrier. The transmitter is designed for 10 channels 
of information with the proper transducers and preamplifiers. The carrier 
frequencies of the first 6 channels are 600, 1,350, 2,100, 2,850, 3,600, and 4,350 
e.p.s. These channels will have a bandwidth of 170 ¢.p.s. at the 1 db. points, 
250 ¢.p.s. at the 3 db. points, and 275 e.p.s. at the 6 db. points. The next 4 
channels will have nominal bandwidths of 1,000 e.p.s. each. 

The present model has been tested for ECGs. The time constant is 4 
seconds, and calibrated records with stable base lines have been obtained up 
to 300 feet while walking and on treadmill. The stability of the transmitter 
and its characteristics make it suitable for various forms of physiologic sig- 
nals. Due to the inherent stability of the circuit its use in operating or re- 
covery suites can reduce artefacts, wiring, and explosion hazards. 
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34. OBSERVATIONS ON THE MECHANISM OF THE ARTERIAL 
HYPOTENSION ASSOCIATED WITH BARBITURATE 
ADMINISTRATION 


Joun W. Ecxstern, M.D., WittiAm K. Hamiuron, M.D. (By Inviration), 
AND JOHN M. McCammonp, B.S. (By INvrration), Iowa Crry, Iowa 


The arterial hypotension associated with intravenous barbiturate anes- 
thesia is accompanied by a reduction in cardiae output. Peripheral pooling 
of blood caused by loss of venous tone might limit the return of blood to the 
heart and cause its output to fall. The arterial hypotension could be second- 
ary to the low output. These experiments were done to see if thiopental in- 
duces forearm venous dilatation. 

Surgical patients with normal eardiovascular systems were studied in the 
operating room prior to operation. Venous pressure and volume curves were 
obtained plethysmographically (J. Clin. Invest. 37: 956, 1958) from the right 
forearm. Pressure was measured in the antecubital vein of the dependent left 
arm and in the femoral artery. End expiratory CO, tension was monitored 
throughout most experiments. After control values were established (sub- 
jects awake and supine without premedication) anesthesia was induced by 
continuous intravenous infusions or single injections of thiopental sodium 
sufficient to cause mild arterial hypotension. The level of depression was ad- 
justed by altering the dose so that experimental observations could be made 
with subjects breathing spontaneously with end expiratory CO, tension and 
ventilatory rate near control values. 

Seven experiments were done. Experimental observations were made 
after mean arterial blood pressure had fallen 10 to 15 mm. Hg. Venous tone 
decreased in each experiment; the forearm venous volume at a transmural 
venous pressure of 30 mm. Hg averaged 3.0 ml. per 100 ml. of tissue during 
control periods and 3.9 ml. with anesthesia. Venous pressure fell in 5 and re- 
mained unchanged in 2 experiments; the change averaged 1.1 mm. Hg. Blood 
pooled in the forearm veins in 6 experiments; natural forearm venous volume 
averaged 1.6 ml. per 100 ml. of tissue during control periods and 2.2 ml. with 
anesthesia. This shift of blood into the extremity was caused by the loss of 
venous tone because venous pressure fell. 

Our results are consistent with the hypothesis that venous pooling eon- 
tributes to the reduced ecardiae output and arterial hypotension seen with 
intravenous barbiturate anesthesia. 


35. TURNOVER OF C¥’-LABELED CHOLESTEROL IN DIFFERENT 
TYPES OF AORTIC INTIMA AND OTHER TISSUES IN MAN 


Henry Frevp, Jr., M.D., P. E. Scuoots, Jr. M.D. (By Inviration). 
CaRLETON R. TreaDweELL, Pa.D. (By Invitation), anp LEON Swett, Pa.D. 
(By InvitaTION), WAsHIN@TON, D. C., AND MartTINsBURG, W. Va. 


It has been demonstrated that C'*-labeled cholesterol enters arterial walls. 
In this study, the layers of the abdominal aorta were separated. The intimas 
were fractionated into thin, clear intima, thickened intima, and free lipid ma- 
terial from intimal plaques. 


Cholesterol-4-C™ (50 pe) homogenized in milk, was administered to 7 pa- 
tients, 2, 8, 9, 27, 38, 87, and 137 days before death. Plasma was collected at 
regular intervals. Chemical amounts of free and esterified cholesterol and the 
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specific activities of each were determined for the different fractions of the 
intima and the other layers of the aorta, plasma, liver, kidney, adrenal, heart, 
and skeletal muscle. 

The free cholesterol of the liver attained isotopie equilibrium with the 
plasma in 2 days. The ester cholesterol of the liver and both free and ester 
cholesterol of other tissues reached such equilibrium more slowly. 

The aortic intima took up tracer cholesterol much more slowly and re- 
tained it longer than did other tissues. There was no significant specific ac- 
tivity of intimal cholesterol at 2 days and only traces at 8 and 9 days. The 
free and ester cholesterol of the normal appearing portions of intimas attained 
considerably higher specific activities than those of thickened portions, at 27 
and 38 days, but they had less than half the specific activities of the plasma 
and other tissue cholesterol fractions at those times. 

At 137 days, the specific activities of the cholesterol fractions of all tis 
sues, except the intima, had declined to low levels which were the same as 
those of the plasma. At that time, the specifie activities of the cholesterol 
fractions of the thin portions of the intima were greater than those of the 
thickened intima and 2 to 3 times those of the plasma or other tissues. 

At no time did the free lipids from plaques have more than traces of 
labeled cholesterol. 

The interchange of labeled cholesterol between normal appearing por- 
tions of intima and plasma, although slow, is presumed to have been con- 
tinuable, so as to maintain that appearance. The abnormal portions of intima 
have a still slower turnover with plasma cholesterol. 


36. PHYSIOLOGIC RESPONSES OF NORMAL MEN AND CARDIAC 
PATIENTS WORKING IN A STEEL MILL 


Amasa B. Forp, M.D. (By Inviration), Herman K. HELUERSTEIN, M.D., AND 
Davip J. Turett, M.D. (By Inviration), CLEVELAND, OHIO 


Fifty-three steelworkers, 20 of whom have heart disease, have been studied 
during a typical day’s work. In certain jobs, particularly in the open hearth 
and blast furnace areas, workers expended an average of 3 to 4 ealories per 
minute during the shift, and two approached the estimated physiologic maxi- 
mum of 5 ealories per minute. Heat stresses in the furnace areas and close 
to hot steel were extremely high, although jobs were also studied which had 
low-energy requirements and negligible heat stress. 

Men with hypertensive and arteriosclerotic heart disease expended energy 
at the same rate and worked the same proportion of the shift as normal men 
working at the same jobs. Seven of the 20 eardiae patients and 3 of the 33 
presumably normal men developed either abnormal electrocardiographie 
changes or increases in pulse rate and blood pressure which appeared exces- 
sive for the working conditions. 

Oxygen consumption, pulmonary ventilation, and respiratory rate under 
these conditions varied primarily with energy expenditure. Fluid intake de- 
pended on heat stress. Blood pressure increased somewhat with energy ex- 
penditure but was more influenced by individual characteristies such as hyper- 
tension. Pulse rate was regulated in a more complex fashion than any of the 
other parameters, being markedly increased by heat stress, but also measura- 
bly influenced by energy expenditure, the presence of heart disease, and, 
probably, anxiety. Twenty per cent of the subjects with heart disease and 6 
per cent of the normal subjects showed significant electrocardiographie changes 
during work; these changes were also characteristic of the individual rather 
than of a particular stress. Resting pulse rate and resting metabolic rate rose 
enough during work to indicate the development of physiologic fatigue. 





PROCEEDINGS OF THE THIRTY-FIRST ANNUAL MEETING 813 


INSENSITIVITY OF THE PROTHROMBIN CONSUMPTION TEST 
IN COAGULATION DEFECTS 


Invinc A. Frrepman, M.D., Joun C. Kuuis, M.D. (By Invirration), Josern H. 
Rossins, M.D. (By Inviration), aNp Artuur B. Duper, M.D. (By Inviration), 
Cuicaco, ILL. 


In patients with coagulation defects proved by the thromboplastin genera- 
tion test (TGT), the two-hour prothrombin consumption test (PCT) was nor- 
mal in 8 of 25 antihemophilic globulin (AHG), 1 of 4 plasma thromboplastin 
component (PTC), and 11 of 14 plasma thromboplastin antecedent (PTA) 
deficiencies; 16 of 25 with thrombasthenias; and 9 of 10 with thrombocy- 
themias. The cases of AHG, PTC, and PTA deficiency with normal PCT were 
usually mild bleeders. 

Modifications of the PCT in normal subjects were investigated. There 
was a very wide range of values (18 to 105 seconds) obtained for each method, 
using both the one-hour (Quick) and two-hour incubation, whole blood or 
siliconized platelet-rich plasma, and human, ox, or rabbit barium sulfate- 
treated plasma as the fibrinogen source. There was no significant correlation 
between the platelet concentration and the PCT when platelet-rich plasma was 
used. 

Some of the patients were restudied with the methods described and the 
PCT remained within the normal range. These included 3 AHG deficiencies 
5 PTA deficiencies, 7 cases of thrombocythemia, and 4 patients with throm. 
basthenia. 

It is eoneluded that the PCT is not as sensitive, as compared to the TGT, 
for the diagnosis of many disorders of the early stages of coagulation, and in 
these cases it was of no value as a sereening test. 


38. MODIFICATION OF THE RESPONSE OF SERUM LIPIDS, 
LIPOPROTEINS, AND URINARY CREATINE EXCRETION 
TO ANDROGEN AND ESTROGEN ADMINISTRATION 
FOLLOWING ISOCALORIC SUBSTITUTION OF 
CARBOHYDRATE FOR DIETARY PROTEIN 


Ropert H. Furman, M.D., R. PaLMer Howarp, M.D., AaNp LEONARD N. Norcia, 
Pa.D.. (By Invirration), OKLAHOMA City, OKLA. 


Little study has been made of the role of dietary proteins in serum lipid 
transport and metabolism or of their significance in atherogenesis, in spite of 
the fact that the association between mortality from coronary artery disease 
and the animal protein content of the diet is as strong or stronger than the 
association between this mortality and dietary fat. 


Use has been made of a glucose, corn oil, and milk protein formula (sup- 
plemented with polyvitamins, iodine, and iron) making possible the substi- 
tution of carbohydrate for protein in isoealoriec amounts. 
balance studies, 40 to 120 days in length, have been completed at the time of 
writing. 


Seven metabolic 


These results were found: 


1. In the absence of dietary protein, reductions in serum cholesterol and 
phospholipid levels occur which are greater than may be attributed to the un- 
saturated corn oil of the formula. These reductions are not contingent upon 
the establishment of a negative nitrogen balance. 
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2. In the absence of dietary protein, androgen administration (methyl- 
testosterone, 50 to 75 mg. per day) results not only in reduction in serum 
high density ‘‘alpha’’ lipoprotein concentrations (invariably noted when 
androgens are administered to subjects whose diets contain protein) but in 
relatively greater reduction in lower density ‘‘beta’’ lipoprotein levels as well. 
This results in an increased alpha-beta lipoprotein ratio, a change heretofore 
associated with estrogen administration. 

3. The simultaneous reduction in both major lipoprotein fractions is asso- 
ciated with remarkably low serum lipid levels, e.g., cholesterol, 49 mg. per 
cent and phospholipid, 108 mg. per cent. 

4. In the absence of dietary protein, estrogen administration (estrone 
sulfate 10 to 20 mg. per day) is without effect on serum lipids and lipopro- 
teins (estrogen administration to subjects whose diets contain protein in- 
variably leads to inereased alpha lipoprotein and, usually, decreased beta lipo- 
protein coneentrations). 

5. In the absence of dietary protein, the administration of methyltes- 
tosterone does not result in creatinuria. 


Therefore, (1) dietary proteins are importantly coneerned with lipid 
metabolism and transport and (2) they are involved in the mechanisms whereby 
gonadal steroids quantitatively and qualitatively modify serum lipoproteins. 
(3) Creatinuria does not occur when methyltestosterone is administered in 
the absence of exogenous sources of protein. 


39. THE PHENOMENON OF ARTHUS IN THE COLON OF RABBITS: 
A SERIAL HISTOLOGIC STUDY 


Mosue B. Go _pGraser, M.D. (By Inviration), AND Josepn B. Kirsner, M.D., 
CurcaGco, Ibu. 


The possible participation of a hypersensitivity mechanism in the patho- 
genesis of chronic ulcerative colitis has stimulated interest in the response of 
the colon to experimentally-induced tissue hypersensitivity. In the present 
investigation, the course of the Arthus reaction in the colon of rabbits, hitherto 
not studied, was examined histologically for periods up to 4 weeks after the 
challenging injection. Leukocytie infiltration, frequent in the anaphylactic 
or prompt type of hypersensitivity, was evident within 6 to 24 hours; round- 
cell infiltration increased with the progress of time. Edema of the mucosa 
and submucosa was pronounced. Hemorrhage was present early in the evolu- 
tion of the Arthus lesion and also appeared one week later. Thrombosis was 
rarely observed. Perivascular infiltrates and tissue eosinophilia were major 
features in the later stages of the reaction. Damage to the muscularis was 
degenerative in nature in the early phase followed later by fibrosis of the ex- 
ternal layer of the museularis propria. Histioeytosis and granulomata with 
giant cells also characterized the tissue response. Many features of the 
Arthus reaction are observed in human disease, ineluding chronic ulcerative 
colitis. The resected and autopsied colons from patients with uleerative colitis 
are characterized microscopically by round-cell infiltration, edema, and, in 
approximately 35 per cent of eases, by tissue eosinophilia and granulomata. 
The hyperimmune component in this disease, nevertheless, requires corrobora- 
tion by immunologic and other techniques. 
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40. STUDIES ON THE MECHANISM OF BICARBONATE 
REABSORPTION IN MAN 


GEORGE B. Gorpon, M.D., ALFRED E1cHENHOLZ, M.D., FRANK MacDona.p, M.D., 
AND THOMAS SemBa, M.D., MINNEAPOLIS, MINN. 


(INTRODUCED BY LESLIE Zreve, M.D.) 


Pitts and Alexander (Am. J. Physiol. 144: 237, 1945) proposed tubular 
secretion of hydrogen ions to account for urinary acidification and for ap- 
proximately 20 per cent of bicarbonate reabsorption. Subsequent studies 
using more potent carbonic anhydrase inhibitors have led to the concept that 
all bicarbonate reabsorption is the consequence of ion exchange. 

Maren (Bull. Johns Hopkins Hosp. 98: 159, 1956) has reported results 
which are consistent with the concept of Pitts and Alexander. Malvin and 
Lotspeich (Am. J. Physiol. 187: 51, 1956) have reported a depression of phos- 
phorus T, in the dog by procedures which cause bicarbonate diuresis and 
have postulated 2 pathways for bicarbonate reabsorption, one dependent upon 
ion exchange and the other a common pathway for bicarbonate and inorganic 
phosphorus. 

The renal effects of large intravenous doses of acetazolamide were studied 
in 7 normal men. Doses of 100 to 120 mg. per kilogram of body weight were 
given in approximately one hour. In all the subjects these doses resulted in 
significant reductions in filtration rate and also in renal plasma flow in those 
patients in whom this was measured. The average maximal exeretion of 
sodium, chloride, bicarbonate, and inorganic phosphorus expressed as the per- 
centage of the filtered load was 10, 6, 40, and 27 per cent, respectively. Potas- 
sium excretion frequently exceeded the filtered load. 

The results indicate that ion exchange is responsible for most of bicar- 
bonate reabsorption since it can be safely assumed that renal carbonie anhy- 
drase cannot be completely inhibited and since hydration of CO, proceeds in 
the absence of the enzyme, albeit at a slower rate. The findings of Malvin and 
Lotspeich suggesting a common pathway for bicarbonate and inorganic phos- 
phorus reabsorption in man were confirmed. 


41. THE COURSE OF VASOVAGAL FAINTING: A BIPHASIC 
RESPONSE 


Daviw T. Granam, M.D., Lewis Lunsrorp, M.D. (By Invitation), AND 
J. D. Kasuer, M.D. (By Invitation), Mapison, Wis. 


Vasovagal fainting is a common and sometimes dramatic reaction, fre- 
quently occurring in a setting of emotional disturbance, of which the eardinal 
signs are low blood pressure and slow heart rate. Except for data obtained 
by rather special experimental maneuvers, there are very few published ree- 
ords of cardiovascular phenomena followed continuously or at very short 
intervals during a faint. Apparently there are no satisfactory records of 
events preceding the onset of fainting. 


This study describes changes in heart rate and rhythm and in arterial 
pressure before and during faints occurring in common situations. By choos- 
ing appropriate subjects and situations it was possible to observe 20 vasovagal 
faints in 19 men. Electrocardiograms and automatic auscultatory recordings 
of systolic and diastolic blood pressures were obtained before, during, and 
after fainting. Ten faints occurred in healthy blood donors, 4 in patients 
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undergoing pneumoencephalography, and 6 in healthy men having veni- 
puncture. 

A phase of rapid and/or increasing pulse rate and rising arterial pressure, 
due chiefly and sometimes exclusively to a diastolic rise, always preceded the 
appearance of the bradycardia and hypotension which characterized the faint. 
Cardiac arrest was observed 5 times, for intervals ranging from 41% to 18 
seconds. Convulsions occurred in 4 of these instances. On 7 occasions either 
A-V nodal beats or A-V dissociation or both were seen. Apnea developed 
during the only two faints in which respiration was followed. 

Vasovagal fainting, therefore, appears to be the second half of a biphasic 
response to threatening situations. The findings are, on the whole (although 
there are some difficulties), compatible with a view that it occurs with cessa- 
tion of anxiety, and not as part of anxiety proper. It is also suggested that the 
cardiac consequences of the vasovagal reaction may not always be benign. A 
severe vasovagal faint resembles death. 


42. SEROTONIN—AN ANTAGONIST TO EXTREMES OF 
NEUROGENIC VASOMOTOR TONE 


F. J. Happy, M.D., Pa.D., D. A. EmManue., M.D. (By Invitation), P. Gorpon, 
M.S. (By Invitation), J. Scorr, M.S. (By Invitation), M. Fueinsuman, M.D. 
(By Invitation), AND M. Lipron, M.D., Pa.D. (By Invitation), 
Curcaao, ILL., AND Forr Knox, Ky. 


Serotonin produces irregular changes of arterial pressure in animals and 
in man. Further, it lowers arterial pressure in dogs with neurogenic hyperten- 
sion and elevates arterial pressure in animals with neurogenic hypotension 
(Cireulation Res. 1: 354, 1953). In order to determine whether these pressure 
changes might be conditioned peripherally, serotonin was infused into the 
brachial arteries of 35 dogs with forelimb vessels normal, constricted, and 
dilated. Constriction and dilatation were produced by nerve section in the 
neck or brachial plexus and by infusion of norepinephrine or acetylcholine, 
respectively. Brachial arterial blood flow was held constant and pressures 
were measured in the brachial artery, a small artery, a small vein, and the 
cephalic vein (Cireulation Res. 4:25, 1956). Serotonin produced net dilatation 
when the bed was neurogenically constricted and net constriction when the 
bed was neurogenically dilated. This bidirectional response derived ultimately 
from the facts that changes in nervous activity changed arteriolar caliber 
without altering calibers of large vessels and that serotonin produces arteriolar 
dilatation at the same time that it constricts large arteries and veins (Cireula- 
tion Res. 5:247, 1957). When arterioles were already neurogenically dilated, 
serotonin did not dilate them further but continued to constrict large vessels. 
The net effect was constriction. When arterioles were highly constricted, 
serotonin dilated arterioles more than it constricted large vessels. The net 
effect was dilatation. When arteriolar caliber was normal, serotonin dilated 
arterioles to the same degree that it constricted large vessels. The net effect 
was neither constriction nor dilatation. The bidirectional effect of serotonin 
was not apparent when tone was changed by norepinephrine or acetylcholine 
beeause these substances, when infused, affect large vessels as well as arterioles. 

These studies show that serotonin ean be either constrictor or dilator, and 
that it antagonizes extremes of vascular tone induced neurogenically. Because 
of this, serotonin may indeed provide the body with a chemical buffering 
system (Physiol. Rev. 38:277, 1958). The study also suggests that the irregu- 
lar effect of serotonin upon arterial pressure may in part be related to impinge- 
ment upon vascular beds having varying degrees of neurogenic tone. 
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43. A DISPARITY IN PROGRESS OF EXOPHTHALMOS, LID 
SPASM, SOFT TISSUE REACTION, AND EXTRAOCULAR 
MYOPATHY IN PATIENTS TREATED FOR 
THYROTOXICOSIS WITH ['* 


Henry E. Hamiuton, M.D., Eumer L. DeGow1n, M.D., ANp RicHarp O. 
Scuutrz, M.D. (By Invitation), Iowa Crtry, Iowa 


Lack of exact information on the course of ocular and periocular lesions 
in Graves’ disease has contributed to unwarranted dogma and faulty treat- 
ment. One hundred and sixty-five patients with thyrotoxicosis, unselected 
with regard to ocular complications, were treated with I" and studied from 
1 to 6 years. Seventy-seven per cent exhibited periocular symptoms and signs, 
severe in 11 per cent. Their occurrence was neither related to whether goiters 
were ‘‘diffuse’’ or ‘‘nodular’’ nor to the rate of becoming euthyroid. How- 
ever, rapid turnover of I'™ in diffuse glands was predisposing to periocular 
lesions. 

Four types of lesions were noted: (1) exophthalmos, (2) lid spasm, (3) 
soft tissue reaction (lacrimation, chemosis, edema of lids, periorbital edema, 
and supraorbital fullness), and (4) extraocular myopathy. Although the great 
majority had more than one lesion, the occurrence of a single type in a few 
patients suggests a variety of mechanisms in the production of eye lesions 
in Graves’ disease. 


Control of thyrotoxicosis was associated with amelioration of the soft 
tissue reaction in 95 per cent of the patients; however, measured exophthalmos 
remained approximately constant in 48 per cent and increased significantly 


in 41 per cent. When the soft tissue reaction subsided, the exophthalmos was 
symptomless, even with exophthalmometrie readings up to 30 mm. The devel- 
opment of myxedema during therapy had little influence on the course of the 
eye disease. The soft tissue reaction appeared to be the lesion causing signifi- 
cant ocular disability. 

Minor degrees of weakness of the extraocular muscles were frequent, but 
usually responded slowly when hypermetabolism was corrected. After attain- 
ing the euthyroid state, however, one woman suddenly developed profound 
weakness of both superior rectus muscles as the only eye sign. 

Detailed and prolonged observation of patients yielded evidence to sup- 
port the hypothesis that there are several mechanisms in the production of 
periorbital lesions and symptoms of thyrotoxicosis. The most disabling is the 
reaction of the soft tissue rather than exophthalmos itself. 


44. STUDIES ON THE RENAL EXCRETION OF SODIUM 
IN ARTERIAL HYPERTENSION 


Irwin B. Hanenson, M.D. (By Invitation), NatHan Pouasxy, M.D. 
(By Invrration), HertHa H. Taussxy, M.Sc. (By INnviration), AND 
BENJAMIN F.. Miuuer, M.D., Crncrnnati, On10 


Studies on patients with essential hypertension have confirmed the ob- 
servations of others that such individuals excrete sodium more rapidly after 
a hypertonic saline infusion than do individuals with normal blood pressure. 
We have also observed a similar response in two patients with Cushing’s 
syndrome and two with pheochromocytoma. 
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In one of the Cushing’s patients, studies were performed before and after 
adrenalectomy. The sodium exeretion pattern reverted toward normal after 
surgery. In contrast, a hypertensive patient who required total adrenalectomy 
for carcinoma of the breast showed a somewhat increased response postopera- 
tively. It may be pertinent that after surgery the blood pressure in the 
Cushing’s patient fell significantly, while that of the other individual did not. 

In two patients with Cushing’s syndrome and two with esssential hyper- 
tension, restriction of dietary sodium to less than 1 Gm. per day reduced the 
sodium exeretion toward normal. There was no significant reduction of filtra- 
tion rate in these 4 patients (as measured by endogenous creatinine clearance). 
To investigate the possible relationship of this to excess mineralocorticoid 
secretion, the salt injection studies were performed on 3 subjects on the first 
and fourth day of the daily administration of 20 mg. of desoxycorticosterone 
acetate. In one, a Cushing’s patient, increased natriuresis was observed on 
the first day with no further change subsequently; in another, with mild 
hypertension, sodium excretion also was accelerated but not until the fourth 
day; in the third, a normotensive subject, no response was noted. 

The effect of intravenous hydrocortisone and the short- and long-term 
oral administration of cortisone on the response to saline administration was 
observed in a normotensive individual. Sodium exeretion never attained hy- 
pertensive levels. 

The administration of 6 Gm. of Amphenone per day for 6 days to a patient 
with Cushing’s syndrome and hypertension reduced sodium exeretion after 
loading to within the normal range. During this period there was an equivocal 
fall in filtration rate, but no significant change in blood pressure. 


45. THE DISTRIBUTION OF Co® CYANOCOBALAMIN 
IN THE NORMAL AND CIRRHOTIC RAT 


P. Heuer, M.D., W. J. Henperson, B.S. (By Inviration), E. N. Bowser, B.S. 
(By Invrration), J. M. Levirsky, M.D. (By Invrration), AND 
H. J. ZimMEeRMAN, M.D., Cuicago, Iu. 


Cirrhotie patients show elevated plasma levels, decreased hepatic content, 
and decreased excretion of cyanocobalamin. In the present investigation the 
distribution pattern of Co** cyanocobalamin in the normal and cirrhotic rat 
was studied. Forty-eight 28-day-old Sprague-Dawley rats were maintained 
on a hypolipotropie diet and compared with normally-fed animals. On the 
twenty-sixth or thirty-eighth day, Co cyanocobalamin (1.35 »/100 grams) 
was administered subeutaneously to an equal number of animals, which were 
sacrificed on the fortieth day. A third group was maintained on this diet 
for 6 months. 

In all groups, urine was collected for 48 hours after injection. All normal 
animals and those on a hypolipotropie diet for 26 and 38 days excreted ap- 
proximately 50 per cent of the injected doses. Those on the diet for 6 months 
excreted only 38 per cent (P <0.01). 

Approximately 3 per cent of the injected dose was found in the liver of 
the normal and malnourished rat 2 days following injection. In the normal 
rat, this percentage increased to 4.5 per cent 14 days after injection, but this 
trend appeared to be reversed in the malnourished animal. The statistical 
significance of this difference between the normal and fatty liver increased 
when the caleulation was based on the amount of Co eyanocobalamin per 
gram of total or fat-free tissue (P <0.01). 
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In the kidneys of the dieted animal, the share of the injected doses re- 
mained unchanged (15 to 16 per cent) between the second and fourteenth day 
following injection. This was in contrast to the normally-fed animals where 


this figure decreased from 11.5 per cent 2 days following injection to 5 per cent 
12 days later (P <0.01). 


The latter phenomenon was also observed in the group of animals who 
were dieted for 6 months and had developed frank cirrhosis. The kidneys of 
these cirrhotic rats showed no morphologic abnormality. 

In several animals, Co** eyanocobalamin was also determined in the brain, 
gastrointestinal tract, testes, skin, muscles, and the remaining careass. No 
striking differences between the two groups were observed. 

These data may be interpreted as suggesting an increased retention of 


eyanocobalamin by the kidney of the cirrhotie rat whose liver has a diminished 
binding eapacity for this vitamin. 


46. NEUROGENIC PULMONARY EDEMA FROM INTRATRACHEAL 
0.05 N HCl 


Ray Hepner, M.D., Couumsia, Mo. 
(INrTRopuCcED By Ropert L. Jackson, M.D.) 


The neurogenic origin of pulmonary edema in patients with central nerv- 
ous system lesions has been accepted, but controversy continues about the 
role of an autonomic medullary reflex are in pulmonary edema in association 


with lesions of the respiratory tree. Luisada ascribes all acute pulmonary 


edema to an autonomic reflex are, and an excellent review by Henneman em- 


phasizes the value of reealling the autonomic mechanisms involved when one 
is confronted by a patient with intractable pulmonary edema. 

To clarify the mechanisms involved in neurogenic pulmonary edema in 
the absence of central nervous system lesions, the following experiment was 
devised. 

Bilateral stellate ganglion blocks with 1 per cent procaine containing 
India ink were attempted in 48 newly weaned rabbits. Then, under local 
anesthesia using the same agent, all 48 animals were injected intratracheally 
with 4 ml. of 0.05 N HCl. Little to no disturbance was detectable at the time 
of injection or for several hours thereafter. At an average time of 4 hours, 
those animals which were to have respiratory distress had the first signs, 
which, in most, were progressive to death. All animals were autopsied at 
approximately 24 hours. The lungs were examined, blocks for sections taken, 
and notation was made of the location of the India ink marker of the procaine 
used in the attempted stellate ganglion blocks. 

Mild and inconstant eosinophilic and neutrophilic exudation was present 
on the bronchial mucosa of most of the 48 animals with and without pulmonary 
edema. 

Typical evidences of pulmonary edema were intense vascular congestion, 
interstitial edema, and obliteration of air spaces, which in some locations were 
surrounded by a dense, eosinophilic material. 

India ink came against the stellate ganglia of 23 rabbits. Nineteen had 
normal lungs, and 4 had evidences of pulmonary edema. Two of the 4 animals 
with pulmonary edema survived 24 hours to be sacrificed. 

No India ink came in contact with the stellate ganglia of 25 rabbits. All 
25 had evidence of pulmonary edema and only 5 survived 24 hours to be 
sacrificed. 
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This experiment is offered as further substantiative evidence for the 
neurogenic factors of pulmonary edema. 


47. THE RATE OF PHARYNGEAL AND ESOPHAGEAL TRANSPORT 


N. C. Hightower, M.D., anp M. E. Satem, M.D. (By Invrration), 
TEMPLE, TEXAS 


The rate of propagation of the primary peristaltic wave in the pharynx 
and esophagus following deglutition has been determined in 15 healthy adults. 
Under fluoroscopic control, 3 small (I.D. — 0.047 inch) radiopaque catheters 
were passed into the stomach a few centimeters below the esophagogastric 
junction. The catheters were adjusted so that the open tips were in tandem 
arrangement and separated by a distance of 2 to 5 em. Intermittently the 
eatheters were withdrawn a distance of 1 to 3 em., and at each position intra- 
luminal pressures were recorded. At each position records were made as the 
subject swallowed liquid (10 ml. H,O) and a solid bolus (disk of bread 1 by 
2em.). Intraluminal pressures were recorded through the fluid-filled catheters 
by strain gauges. The onset of deglutition was determined by electromyo- 
graphic leads placed on the sides of the neck. Respiration was recorded by 
a pneumograph. All recording was done on a photokymograph. At intervals 
during the study, spot films were taken to localize the tips of the catheters. 

The rate of propagation of the primary peristaltic wave was determined 
by the time required from the onset of deglutition for the peristaltic wave to 
reach the tips of the catheters, and the time required for the peristaltic wave 
to pass over the open tips recording from a localized segment. 

A rather consistent pattern was observed for the propagation of the pri- 
mary peristaltic wave. The rate was highest in the pharynx, often exceeding 
50 em. per second. From its origin in the pharynx to about the middle of the 
esophagus the rate of propagation of the primary peristaltic wave rapidly and 
progressively decreased. Transport slowed to 2 to 3 em. per second at 25 to 30 
em. distance from the incisor teeth. The rate then progressively increased 
to 6 to 10 em. per second over the next 8 to 12 em. of the distal esophagus. 
In the high-pressure zone of the esophagogastric junction the rate of transport 
again rapidly decreased, and in the terminal esophagus the rate was usually 
1 em. per second or less. 


48. SIMILARITIES IN THE MODE OF ACTION OF THE 
PROPERDIN SYSTEM ON RED CELLS, VIRUSES, 
AND BACTERIA 


Car. F. Hrvz, Jr., M.D., anp Ratpu J. Wepewoop, M.D. (By Invitation), 
CLEVELAND, OHIO 


The properdin system, which consists of properdin, complement, and 
magnesium, was originally described because of its reaction with zymosan, 
a polysaccharide from yeast. The components of the properdin system have 
been shown to be essential for the hemolysis of paroxysmal nocturnal hemo- 
globinuria (PNH) erythrocytes, the lysis of certain bacteria, and the inhibition 
of certain viruses by normal human serum. The present study indicates that 
these various reactions of the properdin system with particulate elements have 
similar kinetie characteristics which are also similar to the interaction of 
properdin with zymosan. 
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Hemolysis, bacteriolysis, and virus inhibition, similar to the interaction 
of properdin with zymosan, behave as though they are first-order enzyme 
reactions. Rates of reaction are independent of substrate concentration and 
are proportional to the amount of substrate remaining at any time. The addi- 
tion of properdin increases the rate of reaction. The reactions are temperature 
dependent with an optimum of 37° C. The optimum pH for PNH hemolysis 
and virus inhibition is approximately 7, which corresponds to the mid-point 
of the range over which bacteriolysis and interaction with zymosan occur, 
although these two reactions have a wider effective pH range. All the reac- 
tions require Mg**; the optimum concentration for virus inhibition and PNH 
hemolysis is 0.005 M, somewhat greater than for the interaction of properdin 
with zymosan or bacteria. Mn** and Co* are the only other divalent cations 
tested which can be substituted for Mg** in PNH hemolysis, bacteriolysis, and 
interaction with zymosan; only Mn** ean be substituted in virus inhibition. 
All the reactions are almost completely inhibited by increases in ionie strength 
above 0.20. 

Thus the bactericidal, virus-inhibiting, and PNH hemolytic properties of 
normal serum, the reactions known to involve properdin, are similar with 
respect to order of reaction as well as temperature, pH, ionic strength, and 
divalent cation requirements and, in these respects, resemble the interaction 
between zymosan and properdin. It is suggested that common or similar 
polysaccharide structural elements with which the properdin system reacts 
may exist in PNH erythrocytes, viruses, and bacteria. 


49. CAN PRODUCTION OF ANTIBODIES BE INHIBITED IN MAN? 
Rosert E. Hopges, M.D., Iowa Crry, Iowa 
(INTRODUCED BY Rosert C. Harptn, M.D.) 


The antigenic response that follows transplantation of tissues from one 
individual to another remains a barrier to successful organ exchange. This 
necessitates a search for methods which could suppress antibody production. 
The principle of inhibition by like substances, if applicable to gamma globulin, 
suggests that administration of massive amounts of this protein might diminish 
antibody production. Moore had given huge amounts to men, and Good had 
shown that administration of gamma globulin to patients with agamma- 
globulinemia did not enable them to manufacture antibodies. 

Six healthy men were chosen, and 3 were given intravenous and intra- 
muscular injections of gamma globulin for 5 weeks. The remaining 3 were 
given a placebo. All were injected with the antigens of tetanus, typhoid, 
and Asian influenza during the third, fourth, and fifth weeks. Measurements 
were made of the concentration of proteins and of antibodies in their sera. 
Their urine, blood, and bone marrow were examined. 

The men given gamma globulin had transient symptoms of headache, 
backache, and flushing. Significant increases occurred in the erythrocyte 
sedimentation rates and in the concentration of gamma globulin. Production 
of certain antibodies seemed impaired in comparison with that of the control 
group. Agglutinating antibodies against typhoid H antigen 1:3,000 compared 
with 1:100,000; against typhoid O antigen 1:1,500 compared with 1:8,000; 
and complement-fixing antibodies against Asian influenza 1:25 compared with 
1:100. By contrast, production of other antibodies seemed augmented: 
mouse-protective antibodies against tetanus 25 units compared with 8 units, 
and hemagglutination inhibitive antibodies against Asian influenza 1:6,000 
compared with 1:1,000. 
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The quantity of gamma globulin given weekly was calculated to equal 
one week’s production, and resulted in doubling the eonecentration in the 
serum. The responses to some antigens seemed to be inhibited, while the 
responses to others seemed to be augmented. These observations, while provoe- 
ative, do not justify conelusions. 


50. A STUDY OF THE UPTAKE, DISTRIBUTION, AND ABSORPTION 
RATE OF INHALED ARSENIC (As**) 


Rosert H. Hotuanp, M.D. (By Invrration), Russett H. Winson, M.D., Pa.D., 
Date A. CLarK, Pa.D. (By INviration), AND Henry C. Lanz, Pu.D. 
(By Inxviration), DALLAS, TEXAS 


The Dorn and previous reports demonstrated the relationship of cigarette 
smoke to the incidence of carcinoma of the lung. Although these reports 
indicate a relationship between cigarette smoke and an increased incidence of 
cancer of the lungs, the mechanism of this phenomena has not been explained. 

It has been known for over 70 years that oral injections of arsenic com- 
pounds play a role in the etiology of dermatologic cancer. Lull, Wallach, and 
Osburn and associates have shown a higher incidence of pulmonary cancer 
in mining populations who inhaled increased amounts of arsenic dusts and 
smelter fumes, than in individuals working in arsenic-free industries. Hess 
and Roth found lung cancers in 44 per cent of the autopsies performed on 
vineyard workers who had been exposed to arsenic pesticides. 

During the past 50 years the tobacco growers in the United States have 
been drenching their plants with the relatively insoluble pesticide, lead arse- 
nate. The use of this insecticide has impregnated the soil with arsenic. The 
tobacco plant content has increased from 200 to 600 per cent in 25 years. 

A study was designed to estimate the pulmonary uptake, distribution, 
and absorption rate of inhaled tobacco smoke and arsenic in man. Eight vol- 
unteers were studied. Each subject inhaled the smoke from a cigarette im 
pregnated, in its distal one-half, with 250 we of radioactive (As**) in the form 
of a solution of sodium arsenite. The uptake of As" was estimated with a 
scanner and ranged from 2.2 to 8.6 per cent of the total quantity injected into 
the cigarettes. Thus, if a cigarette contained 30 png of As.O, (As) in the 
portion burned, the average smoker absorbed 2.5 wg in the respiratory tract 
per cigarette. 

The pulmonary smoke distribution patterns were obtained. 

The disappearance rate of As’* from the lungs was determined. 

The pulmonary disappearance rate of As™ was uniform and extremely 
rapid during the first 4 days. 

The tracheobronchial trees in smokers and nonsmokers have been ob 
tained, and the arsenie content of the mucosa has been determined. In this 
preliminary report these data will be presented. 


51. MEASUREMENT OF SALIVARY FLOW AS AN INDICATION OF 
THE STATE OF HYDRATION IN RENAL DISEASE 
JosepH H. Houtmes, M.D., Manrrep M. Her, B.S. (By Inviration), Joun 
CRANDALL, B.S. (By Invitation), AND WituiAmM C. Dwyer (By Invrrarion), 
DENVER, COLO. 
In kidney disease where renal excretion of water may be sharply limited, 
proper evaluation of hydration becomes extremely important. Previous 
studies of salivary flow in this laboratory and by Adolph indicated that rate 
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of salivary flow tends to vary according to the state of hydration. Serial 
measurements of salivary flow were made twice daily by the mouth-breathing 
technique (normal 2 to 4 ml.) in 32 patients with «a nio oliguria referred for 
hemodialysis. Measurements were continued ur‘) [| . flow returned 
to normal range or the patient was dischary«) During tne aeute oliguric 
phase, when fluids were administered according to accepted calculations, the 
salivary flow varied from 0 to 0.5 ml. These low rates persisted into the first part 
of the diuretie phase or until fluid intake adequately exceeded urinary out 
put. When fluid intake was pushed above accepted ealeulations the sali- 
vary flow inereased in a corresponding manner (1 to 3 ml.). Patients over- 
hydrated with fluids had high salivary flows up to 6 to 7 ml. Salivary flow 
measurements on a group of 15 ambulatory patients with chronic renal disease 
showed salivary flows in the normal range. Salivary electrolyte measurements 
were made but did not vary significantly from the normal. Patients with poly- 
uria (5 to 12 liters daily) had rates of flow varying from 0 to 0.8 ml. The relation 
to dehydration was further confirmed by the low salivary flows of 0 to 0.5 ml. 
observed in diabetes insipidus (18 patients), and the prompt return to normal 
2 to 4 ml.) either with Pitressin therapy or the simple forcing of fluids. This 
measurement is proposed as another objective guide in determining the state 
of hydration and as a means of improving therapeutic management in the above 
group of patients. 


52. DETECTION OF HETEROZYGOUS CARRIERS IN 
VON GIERKE’S DISEASE 


Davip Y1-Yune Hsta, M.D., anp Eva Gawronska, M.S., Cutcaco, Iu. 
(INrRopUCED BY Rauteu FE. Do.Kart, M.D. 


In 1929, von Gierke described a rare congenital disorder of carbohydrate 
metabolism characterized by excessive cd position ol glycogen in various body 
organs. Cori and Cori have shown that there is a deficiency of glucose-6- 
phosphatase activity in the liver in such patients. The condition is trans- 
mitted by a rare autosomal recessive gene. Recently, Wagner has shown that 
there is an excessive accumulation of phosphorylated intermediates of the 
glycolytic cycle in the whole blood and plasma of patients with von Gierke’s 


disease. Similar changes have now been noted among parents of such pa- 
tients and forms the basis of the present communication. 


Gluecose-6-phosphate (G-6-P) and fructose-6-phosphate (F-6-P) were de- 
termined quantitatively by column chromatography using Dowex-1 resin. 
The red cells were treated with trichloroacetic acid (TCA). The TCA ex- 
tracts were then absorbed into the columns and the sugars eluted with dif- 
ferent concentrations of ammonium formate pH 7.25. The eluants were then 
developed with anthrone reagent and read spectrophotometrieally. 

The results of the determinations expressed as grams per 100 Gm. red cells 
were as follows. 


7 controls: G-6-P 0.20 + 0.12 F-6-P 0.34 + 0.14 
6 heterozygotes (parents): G-6-P 1.16 + 0.47 F-6-P 1.61 + 0.39 
4 affected: G-6-P 1.09 + 0.33 F-6-P 1.30 + 0.20 


It is apparent that the levels of G-6-P and F-6-P in the red eells of 
heterozygotes are significantly different from those of the normal controls 
and closely resemble those with the disease, 
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The findings provide confirmation for the view that the lack of glucose- 
6-phosphatase is the primary lesion in the disease, and that the heterozygous 
carriers of the abnormal gene are detectable by chemical means. 


53. STAPHYLOCOCCAL PNEUMONIA: A PRIMARY DISEASE 


Witu1am K. Hummer (By Inviration) AND IAN MACLEAN Smirn, M.D., 
Iowa Crry, Iowa 


Staphylococcal pneumonia is notorious in young children and as an after- 
effect of influenza. Is this characteristic of the disease? Eight hundred and 
seventy-six cases of pneumonia, seen from 1952 to 1956, were studied. One 
hundred and twenty-eight or 15 per cent of these cases were caused by 
Staphylococcus aureus. In 76 per cent the disease was primary. More than 
half of the eases (71) would have been missed if careful bacteriologic studies 
had not been made at autopsy, although, in retrospect, clinical evidence of pneu- 
monia had been present during life. The disease predominantly affects chil- 
dren under 10 and adults over 50 and is 3 times commoner in males. The high- 
est mortality is in the first decade and after 50 years of age. Cases were least 
frequent in April, May, and June. The yearly incidence has not varied. 

The most frequent complaints were cough and dyspnea; the common signs 
were fever and rales. A quarter of the patients became cyanosed and confused. 
Cyanosis was a grave prognostic sign. Sputum was moderate in quantity, 
yellow, thick, and frequently tinged with blood. One-third of the illnesses lasted 
longer than 3 weeks. Antibiotic resistance studies en 46 strains showed 79 per 
cent resistant to penicillin, 53 per cent to streptomycin, 76 per cent resistant 
to tetracycline, and 15 per cent to chloramphenicol. The mortality rate was 77 
per cent in men and 88 per cent in women. 

At autopsy, in 96 cases, necrotizing bronchopneumonia was the commonest 
finding; abscesses and empyema were rare. Staphylococcal pneumonia must 
be recognized more often; well-chosen chemotherapy will save many lives. 


54. SPECIFIC IMMUNITY TO THE COMMON COLD 


Grorce Gre Jackson, M.D., anp Harry F. Dow.tina, M.D., Curicaco, Itt. 


Whether people develop specific immunity after having a common cold 
has been unknown. It generally has been thought that immunity does not 
exist, or is of brief duration. In experiments with volunteers we have chal- 
lenged 806 subjects with 1 of 5 infectious nasal secretions collected from per- 
sons with a clinical common cold. On first challenge 41 per cent developed 
a cold. 

Among the volunteers, 125 have been rechallenged with the same secretion 
in more than one experiment. The mean interval between challenges was 15 
weeks. Of 46 subjects who developed a cold in the initial experiment, only 
3 (6.5 per cent) developed a cold upon rechallenge with the same agent. The 
likelihood of such a result by chance as compared to 41 per cent following the 
first challenge is less than 1 in 1,000. Among 79 volunteers who did not de- 
velop a cold after the initial infectious challenge, only 8 (10 per cent) developed 
a cold on rechallenge with the same agent. This also is a highly significant 


difference in susceptibility compared to the total volunteer population (p — 
<0.001). 


The specificity of the immunity was shown by comparison with the results 
of rechallenge with a different infectious nasal secretion. Among 25 volunteers 
who had developed a cold following the initial challenge and who were chal- 
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lenged with a different secretion, a cold was produced in 10 (40 per cent) of 
the subjects. Among 66 volunteers who initially failed to develop a cold after 
challenge with one secretion, 26 (39 per cent) developed colds when challenged 
with a different secretion. Significantly, the results in both of these groups 
are no different from the initial challenge with any agent, and are significantly 
different from rechallenge with the same agent (p — <0.001). The results 
show that there is little or no cross-resistance among the 5 common cold agents 
that we have used. 

The data are firm evidence of effective strain-specifice immunity from in- 
fection with common cold viruses. 


55. RETICULOCYTE RESPONSE OF TRANSFUSION-INDUCED 
POLYCYTHEMIC MICE TO ANEMIC PLASMA FROM 
NEPHRECTOMIZED MICE AND PLASMA 
FROM HYPOXIC ANOXIC RATS 


Leon O. Jacospson, M.D., Epona K. Marks, R.N., M.T. (By Invitation), EvELYN 
O. Gaston, B.S. (By Inviration), AND EuGENE GoL_pwasseEr, PH.D. 
(By Invitation), CuicaGco, ILL. 


Data obtained previously suggest that the kidney may be the site of 
elaboration of erythropoietin, the factor(s) that is involved in the regulation 
of erythropoiesis. In earlier studies, hypophysectomized or starved rats were 
used to assay the erythropoietin titers in various plasma preparations. Re- 
cently, however, we have found that the transfusion-induced polyeythemie 
mouse is an even more sensitive assay animal because erythropoiesis has ceased 
as judged by the number of reticulocytes in the peripheral blood, the ineorpo- 
ration of Fe®® into the red blood cells, and histologie changes in the blood- 
forming tissue. Anemie or ¢obalt mouse plasma increased erythropoiesis from 
a base-line of zero in polyeythemie mice to about the normal range after 4 
daily 0.5 ml. injections. Plasma from nephrectomized rats exposed to hypoxic 
anoxia for 8, 16, or 24 hours had slight erythropoietin activity when measured 
by the peripheral reticulocyte response of the recipients (0.183, 0.114, and 
0.006 per cent reticulocytes, respectively). (The same plasma had no erythro- 
poietin activity when measured by the Fe*® red cell incorporation response in 
hypophysectomized rats.) Plasma from rats subjected to bilateral ureter 
ligation and similarly exposed had an erythropoietic activity (0.7, 1.38, and 
1.25 per cent reticulocytes, respectively) comparable with that of the plasma 
from normal rats exposed to hypoxie anoxia (0.9, 1.7, and 1.66 per cent, re- 
spectively). This low and ineconstant erythropoietic activity in the plasma 
of nephrectomized mice and rats subjected to anemie or hypoxic anoxia is 
more or less comparable with the response occasionally produced by normal 
plasma. 


56. VITAMIN B COMPLEX DEFICIENCIES IN RHEUMATIC FEVER 
AvaustIn Jones, M.D., St. Lours, Mo. 


(INTRODUCED By E. LEE SHRApDER, M.D.) 


Nutritional deficiencies always are listed along with poor housing and 
climatie rigors as probable factors in the causation of rheumatie fever. 

This paper submits the histories of two cases of rheumatic fever. Vitamin 
B complex deficiencies were present in these patients. This deficiency was 
proved in the first case by abnormal liver function tests as follows: zine tur- 
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bidity, 20.3 units; thymol turbidity, 10.2 units; cephalin flocculation 24 and 
48 hours, 3 plus; total proteins 7.8, with albumin 3.6, globulin 4.2, and A/G 
ratio 0.86. 

In the second case, the B complex deficiency was evidenced clinically by 
the long-standing presence of cheiloses. These had been relieved when the 
patient took an adequate supply of yeast. He had not been taking the yeast 
for a year prior to the development of rheumatie fever. 

After recovery from rheumatic fever they have been on dietary intakes 
which supply adequate B complex. They have not received prophylactic 
medication such as sulfonamides, penicillin, or any other antibiotic. They 
have been free from recurrence of rheumatie fever for over 5 years. They 
have lost no time from their jobs because of illness. To this extent these pa- 
tients are their own ‘‘controls.’’ 

If correction of a B complex deficiency prevents recurrence of rheumatic 
fever, prevention of the original deficiency might prevent the first occurrence 
of rheumatic fever. Adequate B complex seems difficult for the adolescent 
to come by. 

A part of the mechanism might be a pyridoxine deficiency, such as 
Coursin and associates noted in infantile seizures. They showed that calcium, 
potassium, phosphorus, and magnesium were excreted by the kidneys in 
abnormal amounts during pyridoxine deficiency. Pyridoxine, 10 mg. a day, 
stopped this abnormal excretion of electrolytes. 


Pillemer and associates at Western Reserve have repeatedly demon- 
strated that magnesium is necessary for the nonspecific defense mechanism 
of the blood protein properdin. 

Therefore, ‘‘for want of a nail the shoe was lost.’’ Streptococcus infec- 
tion—pyridoxine deficieney—magnesium deficieney—properdin action de- 
ficieney—rheumatie fever. Work is in progress whch will show urinary mag- 


nesium values in known rheumatie fever cases. 


57. THE EFFECT OF EXERCISE ON CARDIOVASCULAR AND 
RENAL FUNCTION IN THYROTOXICOSIS 


Water E. Jupson, M.D., anp Nancy H. Rauscu, M.D. (By Invitation), 
INDIANAPOLIS, IND. 


In previous studies it was reported that the cardiovascular and renal 
hemodynamic responses to exercise in the supine position in normal and 
compensated hypertensive subjects are similar, but that hypertensive patients, 
unlike normal individuals but like patients with congestive heart failure, had 
definite and persistent reductions in the excretion of sodium and water. 

Cardiovascular and renal functions were measured simultaneously in pa- 
tients with thyrotoxicosis who had hyperkinetic circulatory and hypermeta- 
bolie states to determine whether any interrelationship existed between them 
and the pattern of the renal excretory responses to exercise. At rest the pa- 
tients had elevated cardiae indices (Fick), oxygen consumptions, heart rates, 
and mean pulmonary arterial and right ventricular diastolic pressures which 
increased abnormally in response to exercise. The renal plasma flows (PAH) 
and glomerular filtration rates (inulin) at rest were normal or high normal. 
Similar to normal subjects, patients with thyrotoxicosis had only slight or 
no reductions in renal plasma flow and glomerular filtration rate during exer- 
cise. In general, these renal hemodynamic functions recovered rapidly fol- 
lowing exercise. However, unlike normal subjects but like hypertensive pa- 
tients, most of the patients with thyrotoxicosis had appreciable reductions in 
the excretion of sodium and water during exercise which usually persisted 
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throughout the recovery period. One patient with severe thyrotoxicosis com- 
plicated with systemic diastolic hypertension, high pulmonary vascular resist- 
ance, and elevated ‘‘wedged’’ pulmonary capillary-venous pressure had hyper- 
kinetie circulatory dynamics with an elevated cardiac output and a high normal 
renal plasma flow and glomerular filtration rate at rest, and (unlike decom- 
pensated ‘‘low output’’ congestive heart failure patients) in response to exer- 
cise, the oxygen consumption being doubled, the cardiac output increased 
normally and was associated with slight reductions in the renal hemodynamic 
measurements, and sodium exeretion followed by a rapid return of these fune- 
tions to control levels in the recovery period 

These observations suggest that: 

1. An abnormal and persistent decrease in sodium and water exeretion 
frequently occurs in uncomplicated thyrotoxicosis during and following exer- 
cise which does not appear to be related to any abnormal cardiovascular or 
renal hemodynamic response. 

2. In this group of patients with hypermetabolism, the increased renal 
tubular reabsorption of sodium in response to exercise may reflect an altera- 
tion or disturbance in the function of the adrenal cortex. 


58. HEMOLYTIC EFFECT OF COMMONLY USED DRUGS ON 
ERYTHROCYTES DEFICIENT IN GLUCOSE-6-PHOSPHATE 
DEHYDROGENASE 


Ropert W. KELLERMEYER, M.D. (By Invitation), Atvin R. Tarvov, M.D. 
(By Inviration), Stanutey L. Scurrer, M.D. (By Inviration), anp 
Au¥F 8S. Atvine, M.D., Cuicaco, IL. 


Drug-induced hemolytic anemia occurs in individuals with a genetically 
determined deficiency of erythrocyte glucose-6-phosphate dehydrogenase 
(primaquine-sensitive erythrocytes). This deficiency, discovered in Negroes, 
has been found among widespread racial and ethnie groups from Mediter- 
ranean peoples to Eskimos in Alaska. Many drugs, ineluding 5 in common 
clinical use, cause hemolysis when administered to adult men known to have 
‘*sensitive’’ erythrocytes. The degree of hemolysis produced by these drugs 
varies directly with dosage and can be measured by disappearance of Cr°’- 
tagged erythrocytes, reticulocyte counts, and hematocrits. 

Aspirin (8 Gm.), Kynex (4 Gm.), Furoxone (400 mg.), Furadantin (600 
mg.), and Azulfidine (4 Gm.) produced moderate intravascular hemolysis 
when given in the above daily dosages to ‘‘sensitive’’ individuals having nor- 
mal kidney function. Azulfidine caused severe hemolysis using dosage com- 
monly recommended for the treatment of ulcerative colitis. Daily dosages 
of 4 and 8 Gm. of Azulfidine given to two ‘‘sensitive’’ individuals, respec- 
tively, destroyed 14 and 38 per cent of their Cr°'-tagged erythrocytes and 
produced 4.2 and 7.4 per cent reticulocytosis by the eighth day of drug ad- 
ministration. Thereafter, increasing the daily dose to 12 Gm. in each indi- 
vidual accelerated the rate of hemolysis. 

Two of the inherent dangers in the clinical use of these drugs should be 
emphasized: (1) inereased severity of hemolysis, with danger of acute renal 
failure, in sensitive individuals having impaired mechanisms of drug elimina- 
tion; and (2) severe and possibly critical hemolysis resulting from the trans- 
fusion of ‘‘sensitive’’ erythrocytes to individuals receiving a potentially hemo- 
lytic drug. 
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The mechanism of this hemolysis is complex. Sensitive erythrocytes have 
multiple abnormalities involving carbohydrate and glutathione metabolism. 
Our current studies show that both reduced triphosphopyridine nucleotide 
(TPN) and reduced diphosphopyridine nucleotide (DPN) are low in sensi- 
tive erythrocytes, while oxidized TPN and oxidized DPN are increased. Glu- 
cose-6-phosphate dehydrogenase deficiency may be the primary defect, caus- 
ing a secondary decrease in reduced TPN which could account for hemolysis 
in two ways: (1) disturbance of biosynthetic processes reported to be de- 
pendent on reduced TPN, e.g., fatty acid synthesis and drug metabolism; 
(2) inadequate reduced TPN for maintenance of sufficient reduced glutathione 
which is essential for erythrocyte integrity. 


59. HYPOVOLEMIA AS A STIMULUS TO ANTIDIURESIS IN A 
HYPOTHYROID INFANT 


GERALD A. KERRIGAN, M.D., ANp GLEN E. McCormick, M.D., MitwavuKer, Wis. 
(INTRODUCED By J. C. Prererson, M.D.) 


We have observed a state of antidiuresis during an episode of accidental 
water intoxication in a hypothyroid infant 6 weeks of age. The antidiuresis 
ended abruptly following the administration of hypertonic sodium chloride, 
as indicated by the formation of urine hypotonie to serum. Prior to the ad- 
ministration of the hypertonic sodium chloride the urine total solute concen- 
tration was greater than that of serum as measured by freezing point depres- 
sion. Edema, which was present before the administration of sodium chloride, 
became more marked afterwards, although there was no inerease in body 
weight. Changes in chloride and in bromide space following the administra- 
tion of the saline also indicate movement of water to the extracellular com- 
partments. As hypothyroid persons have blood volumes 15 to 20 per cent 
smaller than those of euthyroid individuals and as hypovolemia is an anti- 
diuretic stimulus, it would appear likely that hypovolemia was relieved by 
the migration of water to the extracellular compartments after the adminis- 
tration of saline and may have been the effective antiuretie stimulus in this 
instance. An abrupt fall in the urine potassium-sodium ratio following the 
administration of the saline was also observed and is in aceord with the no- 
tion that hypovolemia was relieved by the administration of saline. These 
observations are of interest because they suggest that the poor response of 
hypothyroid persons to water loads may be related to the small blood volume 
which is characteristic of hypothyroidism. 


60. THE GLYOXALASE I ACTIVITY OF HUMAN ARTERIAL TISSUE 
J. E. Kirx, M.D., ann T. E. Kirk, A.B. (By Invitation), Sr. Louis, Mo. 


Measurements were made of the glyoxalase I activity of supernatants of 
homogenates prepared from fresh human arterial tissue samples. Twenty 
specimens of the aorta (thoracic descending), pulmonary artery, and coronary 
artery were ineluded in the investigation. The determinations were performed 
at 38° C. by E. Racker’s procedure (J. Biol. Chem. 190: 685, 1951) through 
measurement of the rate of formation of the condensation product between 
methylglyoxal and reduced glutathione, using a Beckman DU spectropho- 
tometer with thermospacer equipment. The final millimolar concentrations 
employed were: methylglyoxal, 2.6; reduced glutathione, 2.0; phosphate 
buffer, pH 6.6, 22.0. The observed K,, for glutathione was 6.7 x 10* M. A 
linear relationship was noted between time of incubation and recorded values 
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over a 7-minute period. A high degree of proportionality was also found be- 
tween the quantity of tissue used (over a range of 0.5 to 5.0 mg.) and the 
measured enzyme activities. 

The average activity values (expressed as millimoles of methylglyoxal 
metabolized per Gm. wet tissue per hour) were: normal aortic tissue, 1.09; 
pulmonary artery, 1.52; normal coronary artery, 1.08. The mean glyoxalase 
I activities of arteriosclerotic aortic and coronary artery tissue portions were 83 
per cent of the values observed for normal tissue segments of the same blood 
vessels. 


61. THE EFFECT OF ETHIONINE AND BROMBENZINE LIVER 
DAMAGE ON DIURESIS IN THE RAT 


ArtHuR P. Kuotz, M.D., Kansas Crry, Kan. 


Pairs of rats in metabolic cages were used in each experiment. The rats 
were intubated intragastrically and distilled water was placed into the stomach 
via the gastric tube. Hydration was repeated an hour later. Urine collee- 
tions were made and the volumes were measured over a 5-hour period. This 
served as a control period. The rats were then injected intraperitoneally with 
ethionine and hydration was repeated. Urine volumes were again recorded. 

A similar experiment with pairs of rats was then performed with the use 
of brombenzine. Totals of urine volumes collected in all experiments were 
submitted to statistical analysis. This revealed that there was a decrease in 
urinary output as compared to the normal but a greater decrease of urinary 
output in the rats treated with brombenzine. The ethionine-treated rats at 
post mortem demonstrated a diffuse fatty infiltration of the liver whereas the 
brombenzine-treated rats demonstrated the characteristic centralobular necro- 
sis. 

The decreased urinary outputs seemed to parallel the amount of liver 
damage in these two sets of experiments. Central necrosis of the liver lobule 
seemed to produce a greater decrease in urinary output. 


62. METABOLIC STUDIES OF CHLORPROPAMIDE IN NORMAL MEN 
AND IN DIABETIC SUBJECTS 


RayMonp E. Kwnaurr, Ps.D. (By Iyvitation), Steran S. Fasans, M.D., 
Epuarpo RAmirez, M.D. (By INviTaTION), AND JEROME W. Conn, M.D., 
ANN Arpor, MICH. 


Short-term and prolonged studies have been conducted in normal men 
and in diabetic subjects to compare the activity of two oral hypoglycemic 
agents, chlorpropamide and tolbutamide. The hypoglycemic effect of each 
compound has been correlated with (1) the serum level of sulfonylurea pro- 
duced by it and (2) the rate of disappearance from the blood of each sub- 
stance. In addition, prolonged metabolic balance studies have been carried 
out in 2 normal men during administration of chlorpropamide. 

Serum sulfonylurea levels for both drugs have been determined by the 
same analytic method. This method, developed by Pfizer for chlorpropamide, 
served equally well for tolbutamide. 

The intravenous administration of equal amounts of the 2 drugs (30 mg. 
per kilogram) to 2 normal men and 2 diabetic subjects resulted in approxi- 
mately the same acute hypoglycemic response in each ease. Caleulation of 
disappearance rates from serum of the 2 compounds in the normal men gave 
half-life times of 4.5 and 35 hours, respectively, for tolbutamide and chlor- 
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propamide. Thus, tolbutamide disappears from blood approximately 8 times 
faster than chlorpropamide. Similar results were obtained in the 2 diabetic 
patients. 

During oral administration of chlorpropamide at various dosage levels 
to 2 normal men for 4 weeks it was found that the degree of fasting hypo- 
glycemia is a function of the fasting serum sulfonylurea level. This relation- 
ship holds true for tolbutamide, too, but much larger quantities of the latter 
compound are required to produce similar fasting serum sulfonylurea levels. 
The remainder of the metabolic balance studies during administration of 
chlorpropamide gave results similar to those reported by us for tolbutamide 
and for carbutamide. 

Eleven diabetic patients, poorly controlled by tolbutamide, were treated 
with chlorpropamide. All showed a greater hypoglycemic response to chlor- 
propamide with much smaller doses but with higher serum sulfonylurea levels. 

It is concluded that the greater clinical effectiveness of chlorpropamide 
as compared to tolbutamide is due to its longer metabolic half-life. This per- 
mits the attainment of higher and more sustained levels of serum sulfonylurea 
with much lower daily doses. 


63. ERYTHROPOIETIN ASSAY 


DonaLp R. Korst, M.D., Joan WitHetm, M.S. (By Inviration), AND 
FRANK H. Berueti, M.D., ANN ArBor, Micu. 


WirH THE TECHNICAL ASSISTANCE OF E. McCoy, B.S., anp H. Tascort, B.S. 


An in vivo rat assay of plasma erythropoietic factor (E.F.) activity using 
Fe®® has been used in anemia of blood loss, anemia of renal disease, poly- 
eythemia, plasma of animals given cobalt or batyl aleohol, and to study the 
effect of heat and storage. An in vitro assay using the Fe utilization by 


rat bone marrow in culture has been performed with the same specimens. 

The in vivo assay was run with a saline or normal plasma and a bled 
animal plasma as a control in hypophysectomy rats (7 experiments with 4 
to 8 groups of 4 or 5 rats each) ; starved rats (8); polyeythemie rats (1) ; and 
['** thyroidectomized rats (10). In all groups, rats injected with saline, 
ACTH, or ACD have Fe** uptakes of 3 to 6 per cent of injected activity and 
are 44 of the normal or thyroidectomy rats given triiodothyronine. Bled ani- 
mal or human plasma causes 60 to 300 per cent increases in all groups. Cobalt 
compounds or plasma has most effect in the thyroidectomy group. Normal 
human plasma is 50 to 100 per cent more active than saline. Anemia of renal 
disease serum was without activity and less than normal. Polyeythemic 
plasma was 50 to 300 per cent more active than normal plasma and very heat 
labile. Batyl aleohol was not active in increasing the iron turnover. 

The in vitro assay utilized a method reported by Schroeder and asso- 
ciates (Nature 181: 1537, 1958). Marrow from normal rat femur after ex- 
sanguination in a glucose-salt solution is adjusted to 60,000 cells per cubic 
millimeter. The cell suspension (0.7) is added to Eagle’s solution (0.5 ml.). 
Normal serum (0.1 ml.) plus test serum (0.6 ml.) and then 10,000 ¢.p.m. of 
Fe®® ferrous citrate solution (0.1 ml.) is added in that order. Following 3 to 
16 hours’ ineubation the tubes are counted, centrifuged, washed once, and re- 
maining activity is expressed as per cent. Normal plasma results in 1 to 3 
per cent uptake and bled plasma is 6 to 12 per cent. Multiple testing of 
smaller samples in a shortened period of time is provided in this assay. 

Methods and results of an in vivo and in vitro assay of iron utilization 
stimulating E.F. indieate that the latter is probably superior and more econ- 
stant. E.F. activity is present and very heat labile in polycythemie patients, 
and less than normal plasma to absent in patients with anemia of chronic renal 
disease. 
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__Kedak reports on: 


close-up photography ... the difference between 
a 14-step synthesis and a 10-step synthesis... 
how sometimes they don’t listen the first time 


Uca pugilator, brandishing his fiddle. 
Note smooth “palm” on inside of large 
claw. In Uca pugnox, another abundant 
fiddler crab, there is ridge there. Photograph made by 
new Kodak Startech Camera, device of utmost simplicity. 


Actually designed not only for | 





2 hat let, 
gists and 


but also dermatologists, dentists, dendrographers, dacty- 
lographers, and divers other professionals who intend to 
make close-up photographic records but haven't. All 
problems of lighting, exposure, and focusing eliminated 
by ingenious triple play involving flashbulbs, two differ- 
ent slip-on lenses, and two tiny diaphragm openings. 
Even has prism to correct viewfinder parallax. Kit in- 
cludes flashbulbs, flashguard, batteries, lenses, neutral 
grey easel on which to set specimens, and starting roll of 
Kodak 127 Ektachrome Film for vivid color transparencies 
and prints too, as desired—all for around $35. Write 
Eastman Kodak Company, Medical Division, Rochester 4, 
N. Y., for particulars, including name and address of 
scientific instruments dealer who handles outfit. 





Monkshood and delphinium 


Striving to make conversation, 
we closed our eyes and opened 
“Eastman Organic Chemicals 
List No. 41.” Our blind finger 
fell on Eastman 7381, 7-Ethyl- 
3,4-dihydro-142H)-naphtha- 
leneone, bottom of p. 106. That 
would do. We looked up the 
records, and off went a letter 
to S. W. Pelletier of the Rocke- 
feller Institute for Medical Re- 
— oe to what pur- 
pose he had had us prepare 
this compound. His response 
came by return of post. 

Monkshood is like a wild 
delphinium. Beware. In man, 
the lethal dose for the aconi- 
tine from its leaves and roots is 
2 to 3 mg. In ancient times 
this extract was used for arrow 
poison and for relief of hyper- 
tension, gout, and rheuma- 
tism. Absorbed through the 
mucosa or skin, it produces 
intense tingling and warmth, 
then peripheral anesthesia. On 
the central nervous system its 
effect is stimulation of the 
medullary vagal centers and 
slowing of the heart rate. “Is 
that so?”’ was once the appro- 
priate next question. Intellec- 
tual fashions change. Today 
the proper question is “Why?” 
You want to know the mo- 
lecular machinery 

In the middle ‘of 1957, Pelle- 
tier put a young post-doctor- 
ate to work synthesizing a cer- 
tain CusHuN base which com- 


prises all but six carbons of 
the atisine skeleton, one of 
the simpler aconitine alkaloid 
structures present in monks- 
hood and delphinium. Dupli- 
cation of the postulated mole- 
cule required a 14-step syn- 
thesis. Producing only 50 
grams of the 4th step product 
took a week. Figuring the 
probable attrition in cul-de- 
sacs along the rest of the 
route, Pelletier wanted at 
least 500 grams at the end of 
the 4th step. Whereupon he 
thought of us. No strain here. 
Whereupon the 14-step syn- 
thesis shrank to a 10-step syn- 
thesis, with plenty of Eastman 
7381 left over for others in- 
terested in monkshood and 
delphinium. 

Dr. Pelletier can now un- 
equivocally state [J.A.C.S., 
80, 2588 (1958)] that the 
CuHuN base is 1-methyl-6- 
ethyl-3-azaphenanthrene. He 
also states, “I might add that 
the success of this work is due 
in no small measure to East- 
man’s supplying this material 
quickly and at a reasonable 
cost.” 

By “Eastman” he means Distillation 
Products Industries, Eastman Organic 
Chemicals Department, Rochester 3, 
N. Y. (Division of Eastman Kodak 
Company). Perhaps you, too, would 
like a free copy of List No. 41. 


Freezing here 


In manufacturing Kodak Fro- 
zen Section Stripping Film we 


are attempting to perform a 
public service for and through 
pathologists. They are paying 
scant attention. Unless an up- 
turn sets in soon, we shall give 


up. 

This product is the ultimate 
in slow films, being endowed 
with no light sensitivity what- 
soever. Its sole known func- 
tion is to support a CO2-frozen 
tissue section being micro- 
tomed. A description of the 
technique, stated to be quick 
and easy, may be found in 
American Journal of Pathol- 
ogy, 28, 863-873 (1952). This 
paper depicts a 10, section of 
adenocarcinoma of the rectum 
showing invasion of the wall, 
bronchogenic squamous cell 
carcinoma cut at 5yu, lung tis- 
sue cut at Su showing edema 
secondary to cardiac failure, 
and other examples of tissues 
said to be otherwise difficult 
to handle. 

The product consists of a 10. gela- 
tine layer atop a 30% cellulose ester 
layer atop a heavier carrier base from 
which it is separated before use. If the 
gelatine layer is pre-stained, the stain 
transfers in seconds to the specimen. 
The film is supplied in unperforated 
35mm rolls 25 feet long for $15 (list) 
by arrangement through Eastman 
Kodak Company, Special Sensitized 
Products Division, Rochester 4, N. Y. 
This is not the way great industrial 
empires are built. 


Prices stated are subject 
to change without notice. 
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COVERAGE OF 


AMERICAN JOURNAL Official seg for thirty-one societies in anes ne 

gynecology. Indispensable to the physician who must have 

OF OBSTETRICS AND complete and authoritative coverage of these fields. 

GYNECOLOGY Monthly, Domestic, $15.00; Canada & Pan-America, 
$16.00; Elsewhere, $17.50. 


AMERICAN HEART An international publication for the study of all diseases of 
the entire circulatory system. Represents outstanding cardi- 
JOURNAL ology clinics everywhere. Since heart disease remains the 
leading cause of mortality and morbidity it merits your 
special study. Monthly, Domestic, $13.00; Canada & 
Pan-America, $13.50; Elsewhere, $14.50. 


THE JOURNAL OF Official publication for the Central Society for Clinical 
Research. Papers are devoted to basic problems in medicine. 
LABORATORY AND Their findings are broadly informative, having wide appli- 
CLINICAL MEDICINE cation in diagnosis and treatment. Monthly, Domestic, 
$13,00; Canada & Pan-America, $13.50; Elsewhere, 

$14.50. 


THE JOURNAL OF Official publication for the American Academy of Allergy. 
Every general practitioner, pediatrician, internist and der- 
ALLERGY matologist treats allergy as a matter of course. Yet the 
subject is so complex that special coverage of it is necessary 
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Bi-monthly, Domestic, $10.00; Canada & Pan- 
America, $10.50; Elsewhere, $11.00. 


THE JOURNAL OF An independent pediatric journal, with the largest reader- 
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PEDIATRICS Medical Progress, Clinical Pathological Conference, Psy- 
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Reviews. Monthly, Domestic, $12.00; Canada & Pan- 

America, $13.00; Elsewhere, $14.00. 
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internists, public health physicians and institutional per- 
sonnel. Monthly, Domestic, $12.50; Canada & Pan- 

America, $13.00; Elsewhere, $14.00. 


THE JOURNAL OF Official publication for The American Association for Thoracic 
Surgery. Traffic accidents, common household mishaps or 
THORACIC SURGERY the discovery of neoplastic disease may unexpectedly require 
the general surgeon to enter the pleural cavity. Recent 
developments in technique, equipment and accessory supplies 
have made surgical relief possible for a large number of 
morbid conditions. This rapidly-developing field is covered 
authoritatively. Monthly, Everywhere, $20.00. 


SURGERY Representative of every surgical school and clinic in the 
United States and Canada. Presents the papers of the 
Society of University Surgeons and of The Society for 
Vascular Surgery. Features include: Recent Advances in 
Surgery, Appraisal of Progress in Surgical Therapy, Re- 
appraisal, Editorials and Book Reviews. Monthly, Domes- 
tic, $15.00; Canada & Pan-America, $15.50; Else- 
where, $16.50. 
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For fluorometric analyses, assay and identifi- 
cation of chemical constituents ...in the 


ULTRAVIOLET, VISIBLE 
and INFRARED REGIONS 


THE FARRAND* 


FOR MANUAL OPERATION, FOR RECORDING 
OR FOR OSCILLOSCOPE PRESENTATION 


The Farrand Spectrofluorometer is designed for 
determining the optimum wavelength for activat- 
ing Organic Compounds and the optimum wave- 
length for measuring their emitted fluorescence 
spectra. 


The instrument is simple to operate, and the efh- 
ciency of the optical and detector system affords 
great sensitivity and response even when using 
capillary or micro volumes of highly diluted 
solutions. 


It is not of a console-type construction, and there- 
fore can be serviced readily without dismantling. 
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Increase the Range of Your 
Office Work 


Improve the Accuracy 
of Your Diagnosis 


Williamson 


; Practical Use of 
ities the OFFICE LABORATORY 
<a and X-RAY 


Price, $10.75. 


(Including the Electrocardiograph) 





A knowledge and understanding of the scope and limitations of your laboratory 
equipment and x-ray and the proper interpretation of tests and films are the keys 
to successful use of your equipment. With these keys you can increase the accuracy 
of your diagnosis and broaden the scope of your office practice. 


In clear, understandable language, “Practical Use of the OFFICE LABORATORY 
and X-RAY” shows hov’ you can utilize your equipment to maximum benefit—how 
you can make your laboratory and x-ray valued tools to answer specific questions 
designed to confirm or deny your original findings and not merely instruments to 
make “routine test reports.” 


Each procedure discussed can be done by a home-trained technician in any office 
with a minimum of basic equipment. Carefully-organized and well-illustrated, this 
practical guide discusses in detail each specific test, the equipment to be used, the 
technique, the interpretation of results and the errors most commonly made. The 
useful information you can gain from your office laboratory and x-ray is far more 
extensive than many physicians achieve with such equipment. 


By PAUL WILLIAMSON, M.D. 


The C. V. MOSBY Company 


3207 Washington Boulevard, St. Louis 3, Missouri 


Gentlemen: Please send me Williamson, “PRACTICAL USE OF THE OFFICE LABORA- 
TORY AND X-RAY” priced at $10.75 on 10 day approval. I understand if I am not com- 
pletely satisfied I can return the book within 10 days with no charge or obligation. If remit- 
tance is enclosed, publisher pays the mailing charge. 


() Payment enclosed [) Charge my account 
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For Specialized Services in Clinical Chemistry 
Add This “ANNEX” to Your Clinical Testing Team. 


Hospitals, laboratories and clinics all over the United 
States, Canada, and Alaska use our laboratory as an 
“annex”. You, too, can make our new laboratory 
(shown above) your “annex” and auxiliary service 
for your infrequent biochemical determinations. 
Our complete facilities insure our flexibility to 
perform time-consuming assays or biochemical 
determinations requiring complex equipment and 
specialized personnel — with fast, accurate service at 
modest fees. 


Just a note from you and we'll send you our brochure 
which includes our fee schedule, instructions for 
collecting specimens and a panorama of our services. 


TOXICOLOGY & 
MISCELLANEOUS 
CHEMISTRIES 
Transaminase 
Antistreptolysim 
Electrophoresis 
Sodium Potassium 
Paternity Tests Corticoids ... Estrogens 
Magnesium Catecholamines 


A, | “the laboratory for laboratories” 


ENDOCRINE ASSAYS 
17-Ketosteroids 

Beta and Androgen Fractions ... 
Protein-Bound lodine 
Pregnenediol . 

Pregnanetriol 

Gonadotropins 


Lead 


Arsenic 
Lipids 








BIOCHEMICAL PROCEDURES 


New Home of Biochemical Procedures 
in the heart of the San Fernando Valley 
MAKE A NOTE OF OUR NEW ADDRESS 
EFFECTIVE JULY 20, 1958 


SEVEN-DAY-A-WEBK 
SERVICE TO LABORATORIES _ 7 


ALL OVER NORTH AMERICA ie 





“The Bulletin of Laboratory Medicine” 
is distributed free by Biochemica! Procedures to keep 
physicians and others abreast of current developments: 
in the clinical laboratory field. Write for a complete set 











12020 CHANDLER BOULEVARD, NORTH HOLLYWOOD, CALIFORNIA | 





Krautman’s 
Improved Deproteinizing Reagent Salt 


Developed in 1953 and further improved in 
1955 by B. Krautman, our Research Chemist, to 
be used with photo electric as well as other 
colorimeters. This improved reagent salt was 
developed to replace the old formula published 
in 1939 for visual colorimeters only 

Krautman's improved deproteinizing reagent 
(Formula X255) for blood chemistry is ideal for 
the preparation of protein-free blood filtrates for 
accurate determination of glucose, urea nitrogen, 
non-protein-nitrogen, uric acid, sodium chloride, 
etc. 

The deproteinizing reagent prepared with the old 
formula of 1939 and the only kind sold by other 
companies, with the caption of “According to 
Krautman™ was discontinued because it did not 
meet up with the bigh quality essential for the 
use with electric photometers and present-day 
methods. 


1 btl. for Preparation of 2 liters of Solution @ $2.75 
1 btl. for Preparation of 1 liter of Solution @ $1.65 
Krautman’s Improved Deproteinizing Reagent Salt 


and Solution Is Sold Exclusively by U. S. Scien- 
tific Supply Co 


Chemoclean 
NON-IONIC DETERGENT 


For Fine Laboratory Glassware 
® CHEMOCLEAN is 


for cleaning 
Macro _bio- 


essential 
used in Micro and 
chemical determinations 


® CHEMOCLEAN is essential for glassware 
used with spectrophotometers, pH meters, 
flame photometers and other electrical equip- 
ment employed in Clinical and Research 
Laboratories 


® CHEMOCLEAN washed glassware will not 
contaminate or react with any known labora- 
tory reagent and therefore will prevent False 
Results due to contaminated Laboratory Glass- 
ware and Equipment 


® CHEMOCLEAN Is: 


® The most economical and only Non-Ionic 
Detergent 


glassware 


One Gallon of Working Solution Costs Only 
About 4 Cents. 


16 oz. (for 50 gal. of Solution) 





32 oz. (for 100 gal. of Solution) _.. $4.25 








1394 FLATBUSH AVE. 


U. 8S. SCIENTIFIC SUPPLY COMPANY 
Affiliate of U. 8. Scientific Laboratories 
» BROOKLYN 10, N, ¥. 
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REFERRED BIOCHEMICAL ANALYSES 
Electrophoresis for Protein Fractionation, Lipoprotein Fractionation, Abnormal 
Hemoglobins; Catecholamine determinations for adrenaline and noradrenaline; 

Transaminase levels; Hormone Assays; Protein-Bound lodine 
determinations; Toxicological Assays; Antistreptolysin-O Titers; 
and other difficult and time-consuming tests. 
Services available nationally by Air Mail. Shipping containers with vials available on request 
Write for: List of Services, Literature, and Containers 


CHEM-TECH LABORATORIES 


NALYTICAL-CLINICAL-RESEARCH 


2364-236 SOUTH ROBERTEON BLVD. BEVERLY HILLS. CALIFORNIA 


S. 1. DULKIN, Px.D. OTTO E. LOBSTEIN. Px.D 
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LABORATORY 
TECHNIQUE 


THE GRADWOHL SCHOOL OF LABURA 
TORY TECHNIQUE is an ethical school, 
i b t ethical physicians and 





yc 
technologists and enjoys a high rating among 
the medical profession. . . . Graduates placed 
in desirable positions since 1920. Gradwohl 
graduates are recognized as expert technicians. 
Course includes—Clinical Microscopy, Hema 
tology and Blood Grouping; soretenyi Applied 
00. 


Bacteriology; Basal Metabolism; Blood Chem 
istry; Electrocardiography; Parasitology; Tissue 
Cutting and Staining. 


ENROLL NOW for priority. 12- 
month course; 6-month  intern- 
ship. Classes start Jan., 
March, July, Sept., Oct. 


37th Successful Year 
NATIONAL HEADQUARTERS + TUCSON, ARIZONA 


SCHOOL OF 
LABORATORY 
TECHNIQUE 


Under the Personal Supervision of 
R. 8. H. Gradwohl, M. D., Sc. D., Director 
3514 Lucas Ave. St. Louis 3, Mo. 
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Sterile 
Sheep 


Blood 


BLOOD PLATES 


PREPAID 
Via Air Mail Special Delivery 
"15 c.c. Satie 


*30 c.c. —e 
60 c.c. , 3.65 


100 c.c. LS ee | 


*Write for prices on weekly or 
biweekly standing orders. 


THE BROWN LABORATORY 
302 Watson, P. O. Box 424 
Topeka, Kansas 








KLETT SCIENTIFIC PRODUCTS 
Klett-Summerson Photoelectric Colorimeters, Colorimeters, 
Nephelometers, Fluorimeters, Bio-Colorimeters, Comparators, 
Electrophoresis Apparatus, Glass Standards, Glass Cells, 

Klett Reagents 














There once was a lab tech named Jess 
Whose typing sometimes caused 
distress 
Till he used our fine serum 
Now no one need fear him 
He works with aplomb and finesse. 


You'll like the 
blood typing serums 
by 


Knickerbocker 


300 West 43rd Street, New York City 
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THE KLETT-SUMMERSON 


PHOTOELECTRIC 
COLORIMETER 


Developed with the requirements of 
routine colorimetric analysis particular- 
ly in mind, but has found application in 
a variety of unusual analytical proce- 
dures as well. No logarithm tables or 
“calibration curves” on semilogarithmic 
paper required. The concentration of 
unknown is obtained directly from the 
scale reading by simple calculation. 


$205 


KLETT 
BIO-COLORIMETER 


The visual color- 
imeter illustrated 
presents a num- 
ber of outstand- 
ing features mak- 
ing it ideal for 
clinical or re- 
search work. 
Built on the most 
modern mechani- 
cal and optical 
principles it is 
widely accepted 
for its accuracy 
and durability. $165 


Klett MANUFACTURING CO. 


179 EAST 87th STREET, NEW YORK, N. Y. 
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A compact reference containing the most recent information 


and the most frequently used methods in laboratory diagnosis 


CLINICAL LABORATORY METHODS 


by W. E. BRAY, B.A., M.D., Consulting Laboratory Director, Martha Jefferson Hos 
pital, Charlottesville, Virginia; formerly Professor of Clinical Pathology, University of 
Virginia and Director of Clinical Laboratories, University of Virginia Hospital. 





Fifth Edition. 720 pages, 124 illustrations. 
18 color plates. PRICE, $9.75. 


The object of this volume is to bring together in 
compact form for ready reference the more recent in 
formation and most frequently used methods of labora 
tory diagnosis. 

Interpretation of the laboratory findings in each in 
stance is given under the heading SIGNIFICANCE. 
Most of the formulas for reagents are given in a 
special chapter—INDICATORS, STAINS AND STAIN 
ING SOLUTIONS, REAGENTS, REMOVAL OF LAB 
ORATORY STAINS, ATOMIC WEIGHTS, TABLE OF 
EQUIVALENTS, TABLE OF NORMALS—fully in 
dexed. The reagents are given alphabetically, first the 
individual ones not used in groups, then those used in 
groups as for Calcium, Chlorides, Cholesterol, and so on. 





New charts in this edition include the revised line 
chart for calculating proteins by the copper sulfate 
method, and charts of the findings in the blood of nor 
mal children. New illustrations include L. E. cells and 
rosettes, plasma cells, and the Gordious species of round 
worm. 

Additional material includes the status of the Salk 
vaccine, radioactive iodine and protein-bound iodine in 
the diagnosis of thyroid disorders, the treponema im 
mobilization test, epidemic hemorrhagic fever, cat scratch 
disease, the neutral red indicator test for virulence of the 
tubercle bacillus, doubly refractile lipoids in urine, 

P . ‘ pseudoalbuminuria, and the male frog test for pregnancy. 
Published in Convenient Also included are the paseander ba bare janonle ni- 
: ° ina trate) method for blood and urine chlorides, the intra 
Size to Fit the Clinic venous galactose tolerance test, and spectrophotometric 
C Pock methods for blood sugar, blood and urine phosphorous, 

oat Pocket blood phosphatases, blood cholesterol, and blood urea 

















THE C. V. MOSBY COMPANY Date 
3207 Washington Blvd., St. Louis 3, Missouri. 


Chee today from Gentlemen: 


Please send me on 10 day approval a copy of Bray “CLINICAL 
LABORATORY METHODS,” priced at $9.75. I understand 


that if I am not completely satisfied, I can return the book 
es s BY e within 10 days and my money will be completely refunded 
When payment is enclosed, publisher pays postage 
3207 Washington Bivd. © Attached is my check © Charge my account 
St. Lovis 3, Mo. Doctor 
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Accurate Dischar ge of 
Radiochemical Liquids... 


HAMILTON MINIATURE 
DELIVERY SYRINGES 
Now, accurate liquid discharges 
may be made in the range of 
0.10 to 0.001 cc by direct read- 
ing with Hamilton Miniature 
Delivery Syringes. Here are im- 
portant Hamilton Miniature 
Syringe features: 

* 0.05 cc and 0.10 cc models 

* Tested for leakage at 

150 psi 

* Precision bore glass 

* Stainless steel plungers 

* Glass body shields P,, 
Also available with concentric 
cemented needles 
Order direct, or write for litera- 
ture and prices today! 


THE HAMILTON COMPANY 
1134 Whitley Street Whittier, California 
Dept. F 


A complete line of Shielded Syringes 
for injection of isotopes. 
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PHOTOVOLT 


Clinical pH Meter Mod. 125-B for 
Blood pH Tests 


High accuracy, combined with simplicity of 


operation and maintenance, $194.- 


Write for Bulletins Nos. 118 and 122 to 


PHOTOVOLT CORP. 


95 Madison Ave, New York 16, N. Y¥. 


Also: Densitometers for Paper Electrophor.sis © Clinical 

Colorimeters © Fluorimeters ©@ Hemoglobinometers @ Ex- 

posure Phoiometers for Photomicrography © Fluorescence 
Comparators for Diagnex Test. 
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What Is 


“ALCONOX- 
CLEAN?” 


Just “clean” isn’t good enough for 
glassware, instruments and equipment 
in the laboratory or hospital. Ordinary 
detergents may fail to do the job. But 
when it’s “ALCONOX-CLEAN,” you 
are sure! 


SAVE 
TIME & MONEY 


with 


ALCONOX 


the World's Most 
Thorough Cleaner! 
Proven Best by Test * 
For over 20 years 
* for wetting power 
x for sequestering 
power 
x for emulsifying 
~ effect 
Yet it costs 
up to 75% less! 


EaA™ 4, 5 Consanient 


ALCONOX 
For all equipment washed 
by hand 
Box of 3 Ibs. . $1.95 
Case of 12 boxes — 
3 Ibs. ea... $18.00 


ALCOJET 
For all equipment washed 
y machine 
Box of 5 Ibs. $3.00 
Case of 6 boxes — 
5 Ibs. eo. $15.00 
Both available in drums of 
25, 50, 100 and 306 Ibs. at 
additional savings! 
(Prices slightly higher 
West of the Rockies) 


ALCOTABS 
In tablet form to clean Pi- 
PETTES in one easy opera 
tion. For all pipette washers. 
Box of 100 tablets $5.00 
Case of 6 boxes of 

100 Tablets $30.00 
Order from your Supplier 
or ask him for a sample! 


ALCONOX,.%.. 


853 Broadway, New York 3, N.Y 


g nicoueL Forms 














A Comprehensive, Readable 
Synthesis on Hematology 


LABORATORY MEDICINE 
—HEMATOLOGY 


While other references in clinical pathology present in one volume a survey of 
all three broad fields—hematology, chemistry and microbiology—the new Miale 
book, LABORATORY MEDICINE—HEMATOLOGY is the first truly compre- 
hensive evaluation of the ENTIRE FIELD of hematologic diagnosis beginning 
with the basic concepts of hemopoiesis and cell survival and progressing to a 


detailed presentation of the entire field. 


The first in a series of three separate volumes on laboratory medicine, this is a 
detailed investigation of virtually every important aspect of hematology. You'll 
find within the covers of this volume a complete atlas of the morphology of blood 
cells complete with highly-instructive photomicrographs (not idealized drawings) 
visually describing what one actually sees in the microscope accurately authenticated 
at the standard magnification and with the usual stain. You'll consult the chapter 
on the myeloproliferative syndromes often since it is one of the few really complete 
syntheses of this puzzling group of diseases. You'll appreciate the book’s thorough- 
ness and timeliness—covering as it does all current literature up to publication. 
The chapter on blood coagulation is the most complete and up-to-date discussion 
available outside of special works, and Dr. Miale’s original studies on vascular 
pseudohemophilia make this one of the most comprehensive and highly-essential 


treatises on hematology available today. 


By JOHN B. MIALE, M.D., Professor of Pathology, University of Miami School of 
Medicine, and Director of Clinical Pathology, Jackson Memorial Hospital, Miami, 
Florida. 1958, 735 pages, 63/4// x 934/’, 192 illustrations and 9 plates including 5 in 
color. Price, $13.75. 


The C. V. MOSBY Company 


3207 Washington Boulevard + St. Louis 3, Missouri 
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Gets Glassware 
® (a Equipment 


Gl ao 


Excellent for Washing Glassware 
in P.B.1. Tests 
and Phosphate Determinations 


Used by Laboratories Everywhere 
for Consistently Standard Results 


For Mechanical and 
Automatic Washers 
Dealers Everywhere — Write 


LINBRO CHEMICAL CO. 


681 DIXWELL AVE.. NEW HAVEN 11; CONN 








There Is a 
Delicate 
Balance... 


between 
QUALITY and 
ECONOMY 
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What is the most practical approach 
to determining the concentration of 
solids in urine? 


Specific gravity. Increased output of urinary solids raises the specific gravity— 
each | per cent of glucose increases the reading by 0.004. 


Source—Wolman, I. J.: Laboratory Applications in Clinical Pediatrics, New York, The 
Blakiston Division, McGraw-Hill Book Company, Inc., 1957, pp. 343, 344. 


“The simplicity, speed and accuracy of the Clinitest tablet reagent make it a 
desirable procedure for quantitation of urinary sugar.”* 


COLOR-CALIBRATED CLINITEST’ 


: : Reagent Tablets 
the standardized urine-sugar test 


standardized reading —blue-to-orange spectrum...clear-cut color changes...stand- 
ardized, laboratory-controlled color scale 


standardized “plus” system—established “plus” system...covers entire critical 
range —does not omit %% (++) and 1% (+++) 
*Giordano, A. S.; Pope, J. L., and Hagan, B.: Am. J. M. Technol. 22:29, 1956. 
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